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HOW SHORAN 1t'OBIS 

SHOl!All 1a the name gi'fen to a t3'Pll of RADAR system which g:l.ves 
n;ey accurate dstermination of poai tion. The name is made up of the 
initial letters o:r SHORT RANGE NAVIGATION. The equipnent was designed 
for the particular purpose of bombing control by airplane; it is a 
development o:t the Radio Corporation of America. Since ita accuracy 
ill so great,_ this equipment has been used :tor other types of control 

. such as air-photograpey, reconnaissance, and so on. Its application 
to actual ground surTeys has not been thorough~ investigated, but the 
use of this equipment :tor h:ydrographic surny control has been tested 
during this year with excellent reaulta. 

SHORAH equipment was developed for installation in aircraft, or 
to be transported by aircraft. Hence, the size and weight of the equip-

. ment has been kept at a minimum; and the. power requirements han been 
based upon the usual poWer types available in the mOdern aircraft. 
The equipment is actual~ a ver,y precise Interrogator and !ransponder 
171tem. Therefore it oonsiets of two main units (in principle) I the 
interrogator which 1• air-borne, and the transponder which 11 on the 
ground. These are usual~ referred to as the Ship and Ground Stations, 
re•pectively, and will be ao designated in·this discussion. 

• 
The SHIP S!I!A.fiOli consists of two unitu an Indicator which mea•

ures the time elapsed between a transmitted pulse and the returned 
1ignal; and a Tran~mitter which is keyed by the Indicator and sends 
out the lignal to the GROU!ID S!I!A.TI<W. The Power suppl;r II1UIIt be added, 
as well as the antenna and connecting cables, and other accessories to 
make the installation complete. 

The aaomm STATION also consists of two unitu a Konitor which 
receives the signal from the Ship Station, and retransmits it back 
through the Transmitter. Thil equipment must be supplemented by the 
antenna system, power SuPPlY units, and so on. Hence, the distance 
mea1ured at the Ship Station will be the loop distance, which is, of 
course, twice the desired distance. If there are two Ground Stations 
used in conJunction with a Ship Station, two distances will be measured 
at a particular instant. If the positions Of these two Ground Station• 
are aocuratel;r known and plotted, the position of the SHIP can be 
ascertained by the intersection of the two arc-distances from their 
respective stations. A 'block diagram• of the Ship and Ground Sta
tions is shown in Fig. 1. 
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!HI SHIP S!ATIOI. 

The SHIP STATION has been giTen the deaigaation JJl/jB-3, which 
meau 1 Army !la'Q' Airborne Badar Havlgation Equipment Type s. .le eta
ted &bOTe, this equipment oo.DBiata ot two main unite .plus their accee
aoriea. These are the IIDICATOR (ID-17/AP.I-5), which includes a 
RBCBIVKB (R•l5/APif-3) J ud the m.uiSKI'l'IJ!Ell (IJ!-11/.AH-5). 'l'he acoeesor
ies include the antenaa dipoles, the transmission linea and conaecting 

.cables, and the power-supply aouroea. other aooeaaoriea available for 
use with the Indicator, are a CCMPU!BR and a PILOT'S DIBECTION IIDICA
!ral (PDI) System. These are not inetalled during the operatio.na on 
board the Ship EXPLO~ and will not be generally used, so will receive 
no further attention. 

lladio Set J.B/J.PB-S tiDe the p·oaition of the ship by indicati~ to 
the operator the •straight line' dist&Ucea to the two Ground Statio.na 
aiaultaneoualy. A line sketch of thia operation 11 shown in J-ig. 2 
whioh llJA1 be oouidered as a aap Tin ot the area in question. 'lhe 
wo GRa:JliD STATIONS are at points "R" and "S" and the SHIP at ...... ~e 
Indicator measures the distance 'r' which places the Ship Ill arc •xx•, 
and the distance • a • which places the lhip on arc '77'. ~ in'Hrtec
tion of the two area will be the position of the Ship "E" since it is 
the only point common to both the • xx• and '11' e.roe. This type of 
graphical solution of the position problem is used, in principle at 
lee.st, 1n all navigation either by plane or by ship. It will be noted 
by an examination of Fig. s, that there are two positions poesible for 
each pair ot SHORAH Distances. A eingle pair will WO! detennine a posi
tion without the knowledge of the general area ill which cm.e m&y t1n4 
himself. The true direction of the Ship's heading will dete~ine the 
direction from either point plotted. If the second pair of distances 
falls on this course line, the assumed position is correct; it not, 
the other position will probably be the correct one. A third pair ot 
distances will be the desired check. It can easily be seen, that if 
the course steered is in a southeasterly direction, that only points 
'A', 'B', and •c• will plot on this course; and that points 'a', 'b', 
and 'c' are obviously not the true positions. 

The SHORAN a1stem measures the distances from the Ship to the 
two Ground Stations by measuring the time required for the radio sig
nals to travel the distances from the Ship to these Stations and back 
to the Ship. If the elapsed time is known, then the distance can easily 
be computed. Or, better yet, if the time is converted to distance on 
the measuring element, then the distances may be read directly ott this 
deTiee. For the purpose Of calibration of this equipment, the velocity 
of the electromagnetic wave through air (at standard barometric pressure 
ot 29.92 inches Hg) has been taken as 186,218 statute miles per 1econd; 
or, since the equipment actually measures the round-trip t~e between 
the Ship and the Ground Stat1Qn, this velocitJ ~ be taken aa 
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93,109 statute miles per second for the total elapsed time. Hence, 

D = Vt = 186,218 t = 
2 

93 ,109 t ·, where 

D = distance in statute miles, and 
t = time in seconds. 

Since this relatiQnship is very constant, even taking into account the 
effects of changes in barametric pressure, humidity, and so on, it is 
possible to calibrate the measuring device directly into miles and 
fractions (or, in this case1 decimals). The velocity of the electro
aagnetic waves actually .aries over a range of ab~t 54 statute miles 
per secom, fram th6 minimum of 186,218 miles per second at a baro
metric pressure of 29.92 inches to a. lllA%1mum Of 186,274 miles per aec
Qnd in vacuo. The Tariation of velocity near the earth's surface, and 
under the o~inar,y variationa of barometric pressure encountered will 
probably not exceed l•mile per second, or even 2 miles at ·the most, 
which will give an error Of about 11100,000 if neglected. 

' 
As indicated in.an earlier paragraph, the basic radio equipment 

used to create round-trip signal paths originating and terminating. in 
the Ship Station is shown in Pig. 1. This basic equipment consists of 
a signal source (pulse generator), a Transmitter, and a Receiver in• 
stalled in the Ship; and a ReceiT€r and a Transmitter at each Ground 
Station. 

Pulse signals originating at the Ship are radiated from the ship 
tre.namitting antenna {dipole) and received by one Of the Ground Stations. 
There, the pulse is sent through the Receiver to the input of the Trans
mitter, and then re-transmitted back to the Ship. At the Ship, 'this 
pulse ·ia passed through the Receiver and then routed to an indicating 
circuit in which its time lag, or loss, with respect to the original 
outgoing pulse may be measured in a way to be described later. This 
time lag is indicated directly in terms of statute miles to the Ground 
Station rather than in terms o:f tinll'lo 

Since two distances are necessary to fix the position of the Ship, 
it will be seen that signal pulses must be sent to each of the twe 
Ground StatiQns and these must be separated within the Indioator so 
that each dilltanue 18 correctly shown. This is accomplished by sendillg 
ou1; pulse signals !rom the Ship Transmitter on two different trequenoiel, 
a ·separate frequency to each GrOillld station, so that the Ground Stations 
reaeiTe the signal pulses alternately, each on its own frequency, at a 
rate of about ten times per second. The Ground stations then re-tra.ne
mit to the Ship Station an the SAME frequency. Thus, the equip!Min1; 
provides, .aiaulta.neously (as far as the eye can detect), indications of 
the distances of the Ship fraa the two Ground Stations. 
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TEE INDICATOR, 

The :Block diagram of the Indicdor (code n!lllle ID-17/APN-3) is 
shown in Figure 6. 

A very simplified expl~UU~.tion of the method of measuring the time 
of e. round-trip of a. pulse will be given here~ This discussion will 
be based upon the Sketch in Figure 6; but, it must be remembered, that 
this is only to illustrate the principle of the system, and therefore 
will differ in important respects from the actual arrangement used. 
A photograph of the Indicator 1e shown in Figure 5. 

The OSCILLA.TOR in this diagram is crystal controlled, and of & 

very great frequency stability, and serves as .ne standard for timing 
intervals, sinoe if the frequency of an A,C, signal is_conatant, the 
time between euccesaive wave tops is constant. 

The PULSE GENERATORS shown produce trains of short signal pulses, 
the repeti•ion rate end relative timing of which are determined by the 
frequsnoy and phasing of the standard timing signal (from the OSCILLA.TOR) 
ap»lied to them. 

The INDICATOR TUBE is a cathOde ray oscilloscope fitted with an 
electrode for radial deflection in addition to the usual two pairs of 
plates for the electrostatic defleotion in the horizontal and vertical 
planes. TWo alternating voltages differing in phase b7 exactly 900 
are derived from the Standard OSCILLATOR output. One of these voltages 
is applied to the horizontal deflection plates, and the other is applied 
to the vertical deflection plates, beth through suitable amplifiers, 
with the result that a circular sweep is prOduced on the screen of the 
cathode ray tube, the velocity of the sweep being (nearly) constant, 
and dete:rmined by the particular acale setting used. This c.ircub.r 
sweep serves as a time-base line. Signal pulses are applied to the 
radial deflection electrode and will appear as inward or outward de
flections on this circle, depending upon the polarity of the signal 
voltage applied. Further, the disturbances will closely approximate 
in snape the wave f~rm of the applied signal. 

One of the pulse generators sends its signal directly to the ra
dial deflection electrOde of the Indicator TUbe. Those pulses appear 
at a. fixed position on the screen, since they re111a.ined synchronized 
with the aweep generator. These are shown at "J(", and are called 
the YARKER PULSES (simla they are fixed in posi t1on). The other 
pulse generator keys the Transmitter. Pulses which have compteted 
a round-trip to a Ground Station and bave been received and amplified 
in the Ship RECEIVER are sent to the radial deflection electrOde of 
the Indicator TUbe, Md appear as the Pulse "A" on the- screen of this 
tubs. 
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I~ the circuits o~ the Pulse Generators were so arranged that 
they prOduce their pulses siJIIul taneOilllly, a Marker Pulse "ll" would 
arrive at the Indicator tube somewhat earlier than the corresponding 
pulse "A "• 'l!his 11 tl'WI because the Ya.rker Pulse needs travel OTer 
only a short length of wire in the Ship Equipment, while the other 
pulse must travel from the ship to the Ground Station and back, and in 
addition, it is fUrther delayed by going through the circuits 1n the 
Ground and Ship Station Receivers and Transmitters. !herefore, in 
_auch cases, the Pulae "A" will appear at a different place on the 
sweep pattern 011 the Indicator Tube than the Karker Pulse •"• 

· The distance between the two pulses on the screen ie the distance
which the cathOde ray apcit has ·traveled during the tiJU elapsed betweeA 
the arrival of theK&rker Pulee "ll" at the radial deflection electrode, 
and the arrival of the pulse "A". A. certain fraction of the diltmce 
indicated on the screen 1a du.e to the dela;ys meAUoned above, but the 
larger part of this distance correspond• to the t1JIIe lost by the pulse 
"A" in travelling the round•trip radio path to the Ground Station. 
!l!lerefore, the distance betwe.en the two pulses 1111q be used as aa 1ndi• 
cation o~ the distance from the Ship to the Ground Station. Since the 
error due to the Uu delays in the varioUs components Of the equip• 
ment can be JU&aured, and can be "considered as constant fer &lQ' par
.Uoular combination (of Receiver, Indicator, Transmitter on the Ship, 
or Koni tor, Receiver IID.d Transmitter at the Ground Station), thi1 
value ~ be subtracted from tl!e total measured tillle interval, and 
the true round•trip time interval can be known. 

Instead ef using direct17 the distance between the pulses "K" 
and "A" on the Indicator !ubi screen as a aeaaure o~ the distance be
tween the Ship and the Ground Station, .a 111110h more accurate method 
1s used. Stated. as aiJIIply as possible, it consists o~ producing traaa
llitted pulses autfioiently earlier than the corre1ponding Karker Pulse 
"'l" so that the returning re-transmitted pulses arrive just in ti.IU to 
JUet their correspOnding Marker Pulses "'l" at the Indicator '!a.be. 
This adYance tiJIIing of the tranamitte.d pul1e1 is obtained thrOU&h a 
phaae-shitting dnice (Gonic.eter) which adT&IIOeB the phase o~ the 
sinusoidal signal fed to the generator of the tr&ns~~~ittea. puleea • 

. 'l'hil phaae advancing is acccaplished in the circuit lalleled 
O!LIRRA.TED VAJ!Ilm.E PIW3B .ADVJllCII. During navigation, the operator 
adJusts thil device 1111til the Pulse "A." on the Ind.icator Me aorem 
Just coinoidea with the Marker Pulse "K". He then re&da directly on 
the acale and vernier the diatance in atatute mile• from the particular 
GrO\Wl Station.· l'aturally as the Ship getl tlu'ther away frc. the 
Gr011Z1d Station, this phase advance must be llade greater in order to 
send ~t a transmitted pulse sufficiently early 10- that ita retur.ae4 
aigaal will arrive to coincide with the Jlarker Pulse. S:lJiise the puleea 
are lent oa.t at a repetiticm rate Of about 9SO per eecoJid (9Sl.09 per 
aecond, to be exact), a 360° advance will correspond to exactl7 100 
statute ·ailea (r(!llnd trip o~ 200 lllilea). Thus, as the pha1e advance 
il increaaed te 360°, the t1JII1ng Of the tr&llllllitted pulae has been 



adTanced by the time i.utenal between two tranami tted pule••• Then, 
the 360° adyanoe !a equ1Yalent to a ZBBO degree advance, and any 
further aciTance, ·~ to 365° will correepond exactly to a oo~o ad• 
•ance. Therefore, the acale indication for an actual distance ot 
(say) 125 miles !a exactly the same as tor 25 milee, aa the mileage 
repeats eYer, one hundred milea. Hence, it is neceaear.y to know 
approximately the Ship's position with reepect to the Ground Stations 
1a order to fix ita poaitio~ 

In order to take into account and correct for the del~a illherent 
in the Ship &nd Ground Station equipmenta, they are camputed taktng 
into con.aidere.tion the lengths of the connecting cables and the trans• 
mieaion linea, and then aet these into the Ship Indicator as an "ott• 
soale"oorrectio~ The Ground Station equipment has been manufactured 
with a known delaJ which corresponds to 0.180 statute miles (of which 
more later) . The delay in the Ship equipment is computed from the 
formula 

:1 = l X l X ( R + T + I • 1 ) 
5280 2 0.65 0•

50 
, where 

I = the error (additional delay) in the Ship iquipment; 
R = the length of the Receiver Trans~iesion Line in teet; 
T = the length of the Transmitter Transmission line in teet; 
I = the length of the Interconnecting Cable in feet; 
i = the length of the Interconnecting Cable (teet) in feet. 

The exact procedure for setting up this delay is g1Ten 1n the Kain
tenance l4anual and must be followed ezact~. The delay "E"· as com
puted by this for.mula !a 1n addition to that for the Ground Station 
(0.180 statute miles), so that the sum of theae two 'errors• giTes the 
'ott acale' setting to the verniers. 

'l'BI llECKIVER. 

The ReceiYer {R-15/A.PW-3) uaed 1n SHOlWl equipment 1a an ultra
high frequency superheter~e receiver. The eame rece1Yer !a used 
in the Ground Station equ!J;Unt. It 1a built ae a lfp&rate OOIIPOJ18D.t 

tor eaee of aerTicing, and replacement if necessary. The Receiver 
mounts 1n a apace provided for it in either the Ship IBDICATOR or the 
Ground Station KONI!OR. 

!he general oharaoterietica ot the Recei•er aret 

Frequency tuning range 
Band width 
Senait!Tity 
Inpu._ Impedance 
Output Iapedance 

210 to 320 Mgaoyclee; 
4 megacycles between half-power pointe a 
2.6 microvolts (9 db.)abOTe ._he~l no!ee; 
IOOhiU 
500 Ohu 
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FIGURE 10. 

THE TRANSMITTER - SHIP EQUIPMENT 
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An anrage tuui.ug curn for the ReceiYer 1a ginn in Fig. 7, and 
the Receiver Response CUrn in Fi~re S. The Block Diagram of the 
ReceiTer is shown in Fig. 9. .A.8 indicated, the incQIIing signal enten 
through a Converter where it is mLKed with the Looal Oscillator (LO) 
frequeno7, then passe• through aix stages of Intermediate Frequency 
(Ill') amplifiers, and finally through a detector to the proper terminal 
in the Indicator (or Monitor) chassis. 

The Receiver chan is is.· of the two-deck type, wherein the Ooil
verter, Local Oscillator and the TUning Circuits form the Upper Deck; 
and the Intermediate Frequency Amplifier and the Detector form the 
Lower Deck. The Gonverter tube 1s inductively coupled to the AnteDD&;; 
and ita tuning line, the Grid Tranamilaion Line, i1 tuned by a shorting 
bar controlled by a hand-wheel with a counter syatem attached to indi
cate the relative position of this Shorting Bar. This hand wheel also 
tunes the Local Oacillator which has a aimilar transm.ilaion line and 
shorting bar, and keeps it tuned to the desired 30 megacycles above the 
incQIIing :i-ecei ved signal. The induct&nCe between these two transminion 
linea mixes the two signals - the incQIIing with the Local Osoille.tor, 
with the result that a freqaency of 30 megacycles is passed on to the 
Intermediate Frequency Amplifiers. This I.F. amplifier is o:f the "stag
pr.ed-tuned" type, where the input, 2nd., and output transformer& are 
tuned to 30 megacyclea; the 3rd. and 4th. are tuned to 27.8 megacycles; 
and the 5th. and 6th. are tuned to 32 megacycle&. This system of 
"stagger-tuning" enables a Receiver to amplify signals which might be 
oonsiderabl7 o:ff freqa.enc1 -· b7 as much as 2 megacycles - without great 
change in output value. This oan be readily aeen by an examination of 
the Receiver Response Curve mentioned above (Fig. 8). 

Since this Receiver has to receive aignalll frQII two separate· 
sources which might have a ver,y considerable difference in signal 
strength, it is provided with two gain controls, one for each of the 
two Ground Stations. These two gain controls, being brought through 
to the Indicator, are further controlled by the OOK~TOR in the Tran•
mitter, so that the particular control is effective only when signals 
are being transmitted (and receind) from a particular Ground Station. 

THE TRANSMI 'l"l!!m. 

The Block Diagram of the Tranemitter (cOde nsme !1.1-ll/ APll-3) and 
a photograph of this unit are ~own in Figs. 10 and 11 respectively. 
In this block diagram, it is seen that the 'keying' pulsea are received 
from the Indicator Unit. The7 are corrected ·in shape, amplified, and 
then used to 'key', or modulate, a radio frequency Oscillator, which 
sends corresponding pulses of radio-frequency energy to the tranemit
ting antenna (dipole). The Transmitter alao acts as a distribution 
center for powar to the Indicator. The general functioning of the 
circuits in the TranBmitter are briefly described as followar 

--- -----------------------------·---
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Pulses generated in the Indicator Unit and supplied to the Trane
mitter are timed and shaped in such a.way that timing of their leading. 
edges is relatiTely free from variation due to changeable tube or cir
cu111 conditione. The leading edges of the pulses returning to the Ship' 
after the round-trip to'the Ground Station can therefore be aligned 
accurately with the.leadi~ edge of the Marker Pulse on the screen of 
the-Indicator Tube, and serve as an accurate indication of the change 
in the relative timing of the two pulses. 

This pulse shaping and amplifying chain 'keys' the DriTe·r, which 
in turn 'keys' the Kodulator; and the Modulator, in turn, the OSOILLA.TOR. 
This Oscillator is a Tuned-Grid-Tuned-Cathode ('l'GTO) pueh-pull circuit 
in which the Grid and Cathode circuit tanks are resonant Transmission 
Lines. The Plates are at ZERO radio-frequency voltage with respect to 
ground at all times •. Since no d.c. voltage is applied to the Oscillator 
Plates except during the times of transmission, the stage does not 
oscillate except· during the period when TOltage is supplied in the fo~ 
of short positive pulses from the modulator. These pulses are approxi
mately square in fo~ and have a width of coneiderably lese than 1 
microsecond. The average output of the Transmitter is about 3 watts, 
which corresponds to a peak per-signal power of close to 10 kilowatts. 

In order tQ provide for the transmission of pulses on two separate 
frequencies, the Oscillator tuning is accomplished by two shorting bars 
placed across the Grid Line. One of these, that for the low frequency 
pulse is a solid bar which acts as a short circuiting member. The 
other short-circuiting member is another bar somewhat nearer the tubes. 
This differs from the first in that it includes a vacuum relay as part 
of the bar, and as this relay is closed and opened, the Oscillator 
tuning is varied alternately be~Neen the high and low frequencies. 

This relay is normally opened, and is controlled by ·a OCM.roTATOR 
Unit, which switches .pulses approximately 10 times per second in order 
to send alternate groups of signal pulses to the two Ground Stations. 
This Oonuautator unit is also provided with contacts which control the 
circuit between the Receiver and the Amplifier to the Indicator tube 
so that the distance pulses may be shown correctly (either inward or 
outward} on the circular sweep, and thus make easy recognition of the 
signal corresponding to a given Ground Station. 

The Transmitter can be tuned over a frequency band of about 50 
megacycles, from 210 at the lower end to about 260 mops. at the higher 
end. Since the Receiver is quite broad-banded, it will receive signals 
about 2 megacycles either aide of the mid-freq1~ency to which it is tuned. 
Therefore, the exaot tuning of the Transmitter is not so vital, although 
this oan be accomplished within very narrow limits - about 0.10 mega
cycle. There is some variation of transmitted frequency with time and 
age of tubes1 it is necessary to make oc4asional checks of the adjust
ments. (The Oscillator is provided with ~ Cathode Tuna and a Load 



Adjustment. Neither of these adjustments ef!eot the Oscillator fre
quency greatly if the settings are only approximately correct.) 

.!!!_ Ali'l!IOOU.S !!E. TRANSMISSION LiliES. 

The Antenna system of the SHORAN Ship Station consists of two 
special vertical antennae which are connected to the Transmitter and to 
the Receiver by high•frequancy Tranmn1ss1on Lin~s. 

The Receiving and Transmitting Antennas follow the same design prin• 
ciples, but their dimensional differe~ces are due to the difference in 
the fre.quencies under which they operate. Essentially, the antenna is 
a quarte~wa.ve dipole working against the ground plane oh which it is 
mounted. The antenna is fed, not at the base as is commonly dobe, but 
at. a point at some distance abOTe it to provide greater stability of 
impedance with frequency. This feature is neceasar,r because each dip~le 
must present reasonably constant impedance over the entire frequency 
range of the associated Receiver or Transmitter. 

The antenna proper consists of two metallic parts. The outer, a 
ahort tube is electrically connected to the ground plane through a 
mounting flange·; the inner, a short length of rod, about twice aa·long 
as the tube, extende through the tube and is insulated from it by a lo ... 
loss bushing. This fol'JIIs a short section of Co.wal line where the rod 
is inside the tube. The Co.a.xial section ac-ts as a coupling and imps
dance matching device to connect the anteJ'lll& which has an impedance o! 
abou\ 100 ohms to the Tranemission line with an impedance o!. 52 ohms. 

The length of the antelliiB. determines the operational frequency. 
Therefore, in the ship equipment, the Receiving Antenna is shorter. than 
the Transnd tting Antenna, for the respect! va frequency ranges are 29().-
320 mops, and 210o-260 mops; The diameter of the rod has the effect of 
broad•b&nding the antenna, which is ver,r deairable in this equipment. 

The transmission linea are of special hi"gh•frequenoy solidoodielec• 
trio Co.a.xial cable, with an impedance of about 52 ohlla, and a prop,.. 
gation constant of about 0.65 (i.e. the velocity of the electromagnetic 
wave in the cable is 65% of that in free space, which is the value used 
1n the formula given in an earlier section.) 

THE GRomD STATION. 

Radio set AN/CJ!ti·2 (Arm,y Navy Ground Radar liaYigatiQI1 Equipment 
T,ype 2) is·the cOde designation of the Ground Station equipment. Since 
no separate frequency channels are required for Ships operating an 
SHORAN.equipment, one pair of Ground Stations will accomodate a rela. 
tively large number of Ships. Of cOIU"s'e, G_round Station power con• 
sidera.tions limit the number of ships operating simul. taneously frGUI a 
pair of these stations to about 20 as a maximum. For power economy, 
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the Ground Statiana uae a directional Antenn& SystemJ therefore, ahipa 
uaiDg the same pair ot Stationa llll18t be sc:mewhere in the same general 
direction or area. However, where the distance to the Ground Stationa 
ia not large, .the directional reflectors may be dispensed with, with 
the result that there 1e a 360° radiation ot the electrGU.gneUc energy, 
but with a reduction in power over a given direction. 

The Ground Station eplpment conaiats ot a KOliiTOR and ih RECEIVER, 
a '!BANSMIT'lEll, u All'l!lmN! SYS'l'£1( on an elevated JU.ST, and two gasoline
driven POWER Ull~. These are described 1n the fallowing paragraphs. 

!l'HB llCJii TOR. -
The Konitor (ID-l~CPI-2) is the central control unit of the Ground 

Station. In operating service, most routine cheeks can be performed b.J 
the operator at the Monitor panel, e.x.oepting, of c ourae, starting and 
stopping the Power Units. A photograph showing an installation ot the 
Ground Station. equipment is shown in Fig. 12. Earlier 1n this discussion, 
it was pointed out that the Ground Station consisted essentially ot a 
Receiver and a ~amitter iDteroonnected so that ai~ pulses received 
could be amplified and used to ke7 a Transmitter to return them to the 
Ship Station. This Receiver, which is identical with that in the Ship 
equipment, ia housed in the Monitor and tpgether fora the Konitor Unit. 
'lbe Tranami tter 1s separate, as shown in the photograph a the Transmit
ter is on the lett, and the Konitor on the right. 

The Monitor containa a large number of circuits necessary tor the 
correct tunctioning of the Ground Station. An over-all picture ot these 
circuits ~ be gotten by a stuQy of the Block Diagram in Figure 13. 
!'hi1 block diagram shows the general way in which each circuit serves 
its purpose in the equipment. As with other 4iagrama, this shows only 
the features which are described below, and does not necessarily show 
all the functional features as some are purposely omitted tor clarity. 

The OSCILLATOR is a cr.yatal controlled oscillator and is the Kaster 
Timing frequency of the entire aystem - both Ground and Ship equipments. 
This frequency is 93109 cycle• per second. Frequencies derived from this 
oscillator are 93109 cycles, 9310.9 cycles, and 931.09 a.ycles. The 
crystal is of great precision, and is ho~ed 1n a temperature controlled 
oven, where at a temperature ef 700 Centigrade, it will maintain this 

· frequency with a min1.Dna drift. The two partial harmonic• of the D)& Iter 
crystal are required for testa and in checking the functioning of the 
equipment. They are referred to as the 93 kc., the 9.3 kc., and the 
0.93 to. frequencies for brevit7. 

The Konitor serves the purpose of determining the correct function• 
1ng ot the Ground Station equiiNRent a" all times. There is a Fwlcticm 
Switch which connects various circuits to the Indicator TUbe, and 
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therefore the operator can tell at a glance whether the e~ipment ia 
functioning correctly or not. The va~ioua operating runctiona are checked 
an the first seven (7) .Positions of thia awitoh. Direct re-tranamission 
of pulses received from the Ship !a effected only in positiona (8) and 
( 9) which are marked • OPRRA.'I'E-KCWITOR • and 'OPERA.'l!lil•. 

In either of these two-latter positions of the Function Switch, 
the following signal path is set up. Pulses originating at the Ship 
Station are received on the Antenna, amplified and detected in the Re
ceiver. The selectivity of this Receiver ia euch that it will not accept 
aignala which are intended for another Ground Station. The Oll.tput pul
ses of the Receiver go to a Variable Delay Network which is an artifi• 
oial Tranaminion Line consisting of ma.ny se.ctiona lll&de up of capac! tore 
and inductances. 'lheae pulse signals, in. passing down this chain of 
circuit sectiona, are delaled a fixed amount in each eection, and pulsea 
delayed by the aco'Wilulated amount due to &n1 ntaber of sectiona can be 
picked off at will by connecting the output termill&l to the delired 
aeotion. This delay per section is approximately 0.05 microsecond, or 
in this case where the delay line consists of 20 sections, the total 
del&i ia a maximum of l microaecond. The purpose of this delay network 
is to enable the operator to atandardize to a predetermined value the 
over-all delay in the Ground Station equipment. This delay-must be 
standardized, for any uncontrolled variation from a fixed known value 
will cause a variation 1n the total round-trip time which the signal 
pulse is supposed to measure. 

While the Ship Station equipment depends upon an Oscillator of 
great stability and accuracy for correct distance measurements, the 
crystal is subject co a small frequency drift due to temperature ohangea 
during the operatillg period, against which there have been no provisions 
made to guard it due to the neceaai ty or saving in weight and space or 
the. air-borne equipment. Therefore, proviaion baa been ms.de at the 
GrOund Station to gene~ate and transmit trains of pulses with an accurate
ly fixed repetiticm rate, which the Ship operator may receive and use as 
a standard. frequency· in adjusting the Ship Station Oscillator.· As the 
nominal repetitian rate of theae pulses is 9.Zl09 kca., they will appear 
aa stationsr,y on the Ship Indicator if that frequency is 9.3109 kos. 
However; if they move around the sweep, it will indicate that the Ship 
Oscillator is too fast or too slow depending upon whether they move 
clockwise, or oounterolookwiae. This is corrected, 1n the Ship, by 
adJusting a small variable condenser (OAL ADJ) on the Indicator panel 
until the pulses are stationary. This adjustment will take care of a 
drift of frc:m •5 to+ 10 cycles per second. 

For this type of service, the Function Swite!h is set on •Monitor
Operate' or position (8). The pulse• transmitted by the Ground Station 
Transmitter ar.e picked up by the Receiver in the Monitor and routed in 
the aame path as a 1ignal from the Ship Station. On this position of 
the Function Switoh, both the received pulses f,rom the Ship and the 
Calibrating pulses are transmitted to the Ship. In position •Operate• 
(9), cmly the received signal pulses are re-transmitted. 
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Station-Delay Checking is performed with the Function Switch in 
· 'lloni tor-Operate', the same as used :for t~mi tting standard t1min8 
pulses for Ship Station CAL ADJ. At any tLMe that the Ground Station 
operator is checking hil Station Delay, the equipnent is also sending 
out timing pulses. This is necessary, because, in order to check the 
Station Delay, it is necessary to send a signal around the entire 
path, within the equipment, of the signal to be re-transmitted in the 
Grourld station. 

This is accomplished by generating two pulses in the r.f. genera
tor. One r.f. pulse i8 picked up by the receiver and pasaes thrQ18h 
the s11111e path that the re-tranlllllitted signal follows1 the Receiver, 
the Variable Delay Network, and leaving the StatiOD. frCIIIl the 'l'ranll
mitter Antenna. The other iii a demodulated Oscillator Grid pulse 
envelop, which paues throusJ!, a J'IXED DELAY l!lE'l'WORK. 

This Fixed Delay Network is the standard of time used in t}le 
Station Del~ measurement, and when the trensmission·time through the 
re-transmission circuit consisting of the Receiver, the Variable Delay 
Network, the Transmitter and all the auociated components is made 
equal to the re-transmission time thrmgh the Fixed Delay Network, 
the Station Del~ has been standardized at 0.180 statute miles. Thia 
delay takes into account the length of the tranmiuion lines between 
the antenna array and the Monito~Raceiver and the Transmilter as well· 
as all other circuit delay&. The pulse, after passing through this 
Fixed Delay Network, paBies to the input of the Transmitter, where it 
ia reshaped ani .. Plified, and finally 'keys' the Transmitter Oscilla
tor in a manner similar to that in the Ship Station equipment. 

· With the Function Switch sat at Pos. 8 ('Monitor-Operate•), these 
two pulses appea.r on the screen of the Illdicator ~be in the :Monitor. 
It is then only neceaaar,r to adjust the Variable De~ Network (ZERO 
ADJ) until the leading edges of the two pulses are in coincidence. 
!'bus, we have two pulses atarting cm.t at the same· t111111. One tra'Yels 
through the Ground Station Receiver and Transmitter and all inter
vening ciroui ts experiencing a time del~ which is called the cmCUI'l' 
DELAY. The other travels through a network which introduces a fixed 
delay in its transmission. Both finally end up at the Oaoilloacope 
where the traces on the cathode ~ tube screen will coincide if the,y 
have experienced the same time delay.' :By. intrOducing into the 
Recei ver-'l'ranami tter (or, re-tranamission) ciroui t a. variable time 
delay, it is possibleto adjust this delay so as to cause the desired 
coincidence. This measures only the deiay experienced within the 
equipment, and does not consider the del'I1-Y due to the tranamisaion 
lines between the antenna syatsm and the Ground Station equipment. 
However, for a fixed length of transmission line, this delay will be 
constant, and can be computed with the required accuracy. If this 
delay 1a added to the circuit dela,y, the over-all delay is known. 
If it is deaire.d. to keep the over-all delay at 2 mioroseConda, the 
atation dela,y can be standardized at a value at~tewhat less then the 
2 microseconds by subtracting the delay time caused by the tren8!"' 
mission lines to the two antennas. 
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Provision has been made in the Fixed Del~ Network ~or the use 
of either one (82-feet) or two lengths (124-~eet) o~ transmission 
line to connect the Anterina system to the Receiver and Transmitter. 
This is adjusted ~or by switch IIIAl'lnd. 'TRANSMISSION LmE' and indi
cates whether one or two lines are used. 

The RECEIVER is the SM!e unit as that described in another place. 
In order to tune it to the proper frequency, a somewhat round-about 
method is used. The Function Switch is set at •TUNE osc• {position 5). 
A special calibrated wave meter is employed in this operation (in the 
lower left corner of the Monitor). From the calibration table on the 
Monitor panel the setting ~or the desired ~requency is calculated, then 
the vernier set to this value. This adjusts the length of a resonant 
cavity. The Wave Meter is supplied with a small amount of radio-fre
quency energy ~rom an r.f. oscillator. When the frequency of the 
oscillator output has been adjusted to equal that of the resonant fre
quency of the wave meter, the circulating current is at a maximum, 
thus indicating correct tuning Of the Oscillator. This is indicated 
on the oscilloscope screen, correct tuning being accomplished whan 
the height of the signal shown is at a maximum. 

The Receiver is then tuned to the same frequena,v as indicated 
by the wave meter. The Function Switeh is set at ·~ REO• {position 
6). Since the Receiver is very broad-banded, there will be a conside~ 
able space over which there is a uniform.gain. By noting the points 
on either side of the maximum at which the signal height is reduced 
to about 1/4 the maximum and ta.k:ing a mean of the two counter readings, 
the ooDrect setting has been accomplished. The Receiver is tuned by 
means of its calibrated tuning dial, and the final reading should be 
near that picked off the Average Calibration Curve (Figure 7). 

Transmitter tuning is accomplished with the Function Switch in 
«1J!IWIS 'IDNE' (position 7). In order to tune the Transmitter, special 
signal pulses are generated in the Monitor at a repetition rate of 
9310.9 per secom. This p.r.f. is necessary to drive the Ground Sta
tion Transmitter at about the maximum power output that might be 
expected of it during actual operation. With the Function Switch in 
the proper position, this .train of signals ia applied to the trana.;. 
mitter; it also permits viewing the envelop on the Monitor Oscillos
cope screen. This indication is not used, as a tuning indicator, hewn 
ever. For this, the operator must station himself at the Transmitter. 
The Transmitter tunes over a range of 40 megacycles, from about 290 to 
330 megacycles. The correct frequency indication is given when the 
'electrio eye• in the Transmitter panel has the minimum shadow. The 
use of a Power Meter is essential in this operation. The exact pro
cedure is not given here. 



Other Functions of the E~ipment are shown when the Switch is in 
one of the positions (1), (2), (3), or (4). These positions show the 
operation of the frequency dividers. Positions (1) and (3) Show 
divisions by 5; and positions (2) and (4) show divisions by 2; or, in 
other words, tihese four positions will indicate whether there is actu
ally a division of ~requency that will give exactly the frequencies 
mentioned in other paragraphs; 9.3109 kcs and 0.93109 kcs. These 
frequencies are required in various parts of the equipment such as 
sweep generators for the oscilloscope, station checking, and particu
larly generating standal'll timing pulses. 

Sketches of the various Oscilloscope patterns for the different 
Function switch settings are shown in Figure 12. By use of the various 
adjustments which affect the oscillosoope, the patterns can be made 
to resemble those in the sketch ver,y closely. 

THE TRANSMITTER. 

The Transmitter (T-12/CP.IT-2) .is much the same as the Ship Trans
mitter. The main differences are that it has been designed to operate 
at a much higher average power output so as to accOIIlll1odate as .llla.I1Y as 
10 or .20 ships at a time using SHClB.A.N equipment; and that it operates 
on one fi~d frequency instead of two. This requires the use of a 
mora powerfUl modulator stage, but at the same time does away with 
the second shorting bar and vacutm l,"ela;y in the Grid Transmission line. 
The average power output of this Transmitter is about 60 watts, with 
a peak power per signal of about 15 kilowatts. As in the Ship equip
ment, the Transmitter is the distribution point for power supplied to 
the Monitor and Receiver. 

The ANTENX! SYS'l!l!lM is s~ported by a Ji!ST 50 feet in height. The 
Mast consists of six (6) sections· of telescoping tubing made or ply
wood. The Mast assembly is in the form of a section of constant 
strength; that is, it tapers from the larger section in the middle· to 
the smaller section at each end. The two center sections are about 
a-inches in diameter, the upper and lower· sections about 7-inches; 
and the top and bottom sections about 6-inches. The weight of the Mast 
alone is about 90 pounds. The Mast is supported in the vertical posi
tion by three sets of stainless steel ~s placed at about 17, 34, &nd 
50 feet from the ground; and the spread at the base is about 20 feet, 
one ~ from each set being brought to a common anchor. A front and 
side view of the Mast and Antenna system are shown in Figures 14 and 
15. 

The ANTmNNA BASE consists of a stainless steel ~bing frame-work 
with a screen of wires forming a reflecting surface as well as a 
ground plane fOr the Antennas. The base is roughly trapezoidal in 
shape, being about l6H wide and 14 feet long. There are two sets or 
~FIBCTORS w:nich form a part of the Ground Station Antenna system. 
These are secured to the Antenna Base in the form of a horizontal •w•, 
with the Reflectors vertical. The Reflectors meet each other and 
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secure to the base at right anglee (90°) and thus fo~ a aort of 
"corner reflector" which gives a directional antenna pattern with a 
l3EAl4 WIDT!i Of ·about 800. '!!his width Of the field pattern is indicated 
by·the points at the side of the polar diagram lobe where the field 
strength, the effective power gain is somewhat more than 5 as compared 
to 360° radiation withaut reflectors. 

The Antenna Yast together with its ga,ya and tasteninga is first 
asaembled.on the ground with the base set in ita final position. 
Suitable anchors, or deadman are set at four points about 2o-teet 
from the base, and so as to fo~ a square, with one almost under the 
Maat, one on line with the center of the Mast (prolonged), and the 
other two at right angles to the Mast.. '!!he ga,y wires are laid out and 
those running to the anchors at right angles to the Uast are secured 
to them by means of tha turnbuckles and short length of chain provided. 
Those gll38 which go to the anchor furthest along the line of the aast 
are secured to the end of an erecting boom; the boom is held in a 
vertical position by two. rope ga,ya going to the anchors at right angles 
to the Mast. There is secured to the upper end of the boom a bloek
&nd•tackle long enough to reach from the boom to the furthest anchor. 
When tension is applied to tha block-and-tackle, the gll3B attached to 
the upper end ot the boom are adjusted so that the mast assumes a per
fectly straight line. The adjustments are .made by means of turnbuckles. 
When the stays have been aijusted to make the maet straight, the mast
head is elevated about three teet, and the Antenna Base and Reflectors 
attached to it. Finally, the two Antenna Dipoles are secured into 
position, the Transmission Lines connected to their respective Dipoles, 
run down the mast and secured to it, by means of the special fittings 
supplied. The erection of the Mast is then continued, making such 
adjuatments as are required to keep the Mast straight, and go up aa 
nearly vertical as possible without undue strain on the Mast or any of 
the stays. When in the vertical position, the boom end is secured to 
its anchor (or removed, and the stays secured to the anchor, as may be 
desired). Final adjustments are then made to all the stays to~ 
the Mast straight and vertical. Figures 22 to 27 show the progren 
in the erection of the llaat and Antellll!Lo 

The Antennas are exactly aimilar to those used with the Ship equip
ment. However, they are reversed in thtlr connections, tor the Ground 
Station receives on the Low frequency, and tran~mits on tm high fre
quency. The~etore, the longer dipole is connected to the Receiver; 
and the shorter one to the Transmitter, by transmission lines of the 
same characteristics as those described for the Ship Station. 

'l'l:lE POiER UNITS. -
The Power Units are designated by the code PU-4/CPJ-2. The motive 

power tor this unit is ·a single cylinder gasoline, air cooled, two 
cycle engine. Its regulated speed is 4000 reTolutions per minnte. The 
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paol1D8 required 11 regular aviation loo-octane quali t;y. The e.ngi.De 
ia provided with a one-gallon gaa tank attached, and aeaa. ot co~ 
tine an auxil1&17 five-gallon tank to it. 

'lbe generator aaaeably consiata of a 1400.watt, 11&-volt, 400. 
cycle inductor-alter.natora and a 40o-.att, 26-28-volt direct-current 
generator. The alter.nator rotor and the direct-current generator are 
mounted on a common ahatt which is coupled directl7 to the angine 
cr~ahaft. 'lbe alter.aator atator and the cirect-current yoke, 
bruah aaaembl7, and so on, are secured to the shell. A tan ia pro
vided which circulates great quantities of air around the engine. 

The output a. c. vel tage 1s regula ted within narrow limite b7 
aeana of a General Electric Voltage Regulator mounted on the generator 
end of the un1 t. There 11 provided me&n8 to make sui table connections 
to the Ground Station equipment by an outlet Pll18 and cable, which 
carried both typea of voltage to the Transmitter Unit. 

· Two Power Units are supplied with eaoh Ground Station equipment 
in order that there may be aa little delay as possible caused by 
power failures due to mechanical faults. 

!he distances between the Ship and tne Ground StatiaDI aa indicated 
bJ the SHORAB equipment are not, 1n general, exactly equal to the great 
circle diatanoea as they wOuld be measured on the earth (or on the aap 
or chart). ~is is illustrated in the Sketch ot Jigure 17a, where 
•s• is the SH~ d1atanoe, 'K' is the great circle ~r map) distance, 
'H' 1a the elevatiCD ('1n teet of the Ground Station tenna, and 'K' 
11 the height (in feet) of the Ship Antenu.. The i.Dd cated SHOlWi 
Distance •s• differs from the DAvisational distance 'K' tor a number 
of reaaona. 'l'heae are classified aa 

1- Systematic errors 
2- Bandca errora. 

srs 1!DU..1'I o mmoas. 

In the ~rticul.ar case in hand, 1 t h desired to reduce the 
SHORAH diatance •s• to the correct MAP distance •x•. The SBOBAI dia
tance ia alw&JI greater than the llap distance, a.Dd therefore, it 'A' 
1a ~a difference 

K • S • A. 

Aa will be ahom later, the value 'A' ia calculated tr011. the SBClB.UT 
distance •s•, aDd that, a1Doe •s• aDd 'll' are very nearly equal, the 
correction (or add1 tion) to the :wap Distance to read Shoran Distance 
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JIJA7 be cCIIIputad frCIII the same formula. Actuall.7, h0118var, 

S • K + A0 

where 'A' and •A0• will dif'f'er b7 a vary slll&ll amo1111t ·on short linea. 
In thia computation, som of' the points to consider are 1 

l• The up distance 'Jl' is a great circle diatanca between the 
Ship and the Ground Station; that ia, it ia the shortest distance on 
the surface of' the earth between the two pointe. 

2- • SHORAN distance •s• is the dist.anca indicated b7 the 
equipment and will differ from the great circle for the following rea
aonu 'l1he and points of' the SHCIUJI line are dif'f'arand from the grawld 
points, f'or the Ship Antenna ia at a height 'K'·f'eet above the water, 
and the Ground Station 1B at a height •H•-f'eet above the water. The 
SHOIUli' path 1s Jl8ither a atra1ght line, nor a great ci.rcle line. Due 
to the varying amount of' refraction due to the atmosphere, the SHORAI 
path can be very closel7 approximated by a circular arc with a radius 
of' about 15,000 statute m1lea (or more closely aa 3.91 timez the radius 
of the earth). Along tbe SHOIUli' path, the veloci t7 of' the radio wavea 
oa.nnot be everywhere eqU&l to the velocity f'or which the. equipment was 
designed to read correct mileages. 'l1he value chosen - 1861 .218 atatute 
miles per secOnd• 1a at standard aea-lavel b&rCIIIetric prenure of' 
.29.92 inches of mercury, aa explained elsewhere. 'l1hua, the velocity 
varies al0.118 tha path dap9Dding upon the elevations of' the particular 
points abaTe the sea. Considered altogether, these correction& will . 
make the error 'A' aa great aa 0 • .250 statute mila when the SHORUf dis• 
tances and the elevations 'H' and •G• are great (f'or example, •s• • 
200 miles, 'H' • 20,000 feet, and 1 K' • 500 feet) as would be expected 
when the equipment was used in aerial navigation. 'l1he correction 'A' 
will ·therefore depend upon the elevations Of' the two pairs of' antennaa 
(Ship and Ground Station) as well as the measured S~OBAI distance. 
This correction is given b.J the following formula! 
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Ma 2ll [ll• 
21l+ll+X 

If ... 2ll zl- H+X + (H + x)2 
; 

21l+H+X 2ll 2ll 

]Ia 113 [ l (3.~lll)2 J .. o.~83 s3 
2lr R2 - 108 ; 

C= ~!! - !:)4 
8 s3 • 

Then 

M,. A( i- (s:-x>2] + ll + c + ,,. 
2S -

(Y ,. vel:ocit;r correction) 

aad, if :II and X: are in feet, and M, S, and V are in Statute miles, 
thia for.ula becomeal 

2.3920 S (!i+X) • 
108 

and, it will lend itself to tabular COilputation of the various combina
tions of H &Jid K. U will be seen from a caeua:t. inspection, that, 
where both H and X are small, that at least the fourth term will be 
negligible. If Sis relativel;r small ae well, (5-50 Mi.), then the 
corre;Uon 'A' will be practical~ ZERO, since all terms are divided 
b7 los. In a111 case, except tor 'reey short linea where the actual 
alope distanoe correction will appl7, this correction does not exceed 
0.001 statute mile where s • 50 statute miles. 

Sin X in Hin A in 
Jlilea :reet Feet Kiln 

l 80 500 o.ooz 
2 80 500 o.oo2 
3 80 500 o.oo1 

10 80 500 0.0004 
25 80 500 0.0005 
50 80 500 o.ooo7 

3 80 1000 o.oo& 
5 80 1000 o.ooz 

10 80 1000 0.002 
50 80 1000 0.002 

100 80 1000 0.0005. 



Sin X: in Hin A in 
JUles i'eet Feet lliles 

s 80 1500 o.ou 
5 80 1500 o.oo1 

10 80 1500 o.oo4 
50 80 .1500 o.oos 

100 80 1500 o.oo1. 

As stated in a previous paragraph of this diseuesion, the Telo
cit;y of a radio wave varies about 54 miles per aeco.!ld. frOJ11 the minima 
of 186,218 miles at 29.·92 inches mercur;y to 186,274 miles per second 
in T&CuOo Assuming a straight line YariaUon over this range (which 
is, of course, not exactl;y correet), a decreaie in baraaetric pressure 
of l•inch to 28.92 inchea will make the velocit;y approximatel;y 
186,220 miles per second, or an inereaae of lr93,000 (about). In a 
distance of 50 statute miles this correction is almost insignificant 
except where extreme· :aeourae;y is required. 

'I'll& BandCIII errore ma;y be IIUIIIIII&rized aa follower 

1- Setting and reading mileage verniers 
Probable maximum •••••• . . • ... 

2- ll'on•lineari t;y of timing phase shift 
eircui ta - the Goniaaeters 

Probable )II&Ximtlll • • • • • • • • 

s- Error ot ZBRO ADJUS~ in Ground Station 
Probable~- • ••••••• 

••• 

• • • 

• ... 0. 002 st.mi. 

! 0.010 st.mi. 

It is not probable that all errors will accumulate or coeur at 
the same time. Laboratory testa aeem to indicate that the maximum error 
in the ship equipment will not exceed 0.010 statute mile ( +or -t. 
It is possible that the Ground Station error due to the ZBRO ADJ will 
not exceed 0.002 statute mile. This give• a maximum of about 0.012. 
mile or roughl;y, 50 feet. 

The error in setting and reading the yerniera is obviouely a 
human'error and varies with the i.!ld.ividual. It cannot be aotuall;y 
measured. 

The error in the phase shifting Circuits, or, properl;r, the 
GONICME~, is due entirel;y to the manufacturing process which speci• 
fiea certain tolerances as limita. An attempt has been made in the 
manufacture to delign and place the. 1.!14u.otancea in such a W'J that 
there will not be a deviation from linearity of more than a few degrees 
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at ~point. A 4° deviation from linearity at any one point will 
correspond to about 0.010 mile. This error cannot be corrected for 
in the inBtrUIIlent aa ma~actured, but a calibration curve can be 
dete~ined by laboratory methods which will give the deviation over 
the 360° of rotation of the Goniometer&. 1hi8 error then can be 
corrected according to the laboratory findings. 

The error in the ZERO ~J at the Ground Station is due to the 
characteriatica of the Fixed and Variable Del~ Linel in the Monitor. 
As wa1 ezplained earlier, these 11nea are artificial tranamiBaion 
lines made liP of sections composed or inductances and oapacitora, the 
component values being selected eo that each section delay time corree
pondll to about 0.006 1tatute mile, and that the ZERO ADJ Switch picks 
off the desired delay in atepa of thia magnitude. ·It will easily be 
understoOd that it is not probable that the ZERO ADJ will make proper 
coincidence of pulse pips in the •scope at one particular aection con-
tact, that actual coincidence will bl effected at saue point bewaen 

two sections. Since by the construction of the delay line, this ia 
not poaeible, the error introduced here may be &8 large &8 0.0025 
Btatute mile. l'urther, the switch which selecta the contact fo.r one or 
two transmission liilea operates over ~ectiona of the fb:ed delay line, 
and it 111 possible that the error in the selection may"also be of the 
order of 0.0026 statute mile. If these are accumulative, this errow 
oan be 0.006 mile ( + or-). '!!lis error can be reduced only b7 greater 
horizontal &mRlification in the oscilloscope so that the deviation from 
ezact coincidence can be seen; or by making one or two sectionD of each 
delay .line variable cnr a small amount to equal this probable error. 
It is not practical to make these changes in the equipment in ita 
present form. 

_!!! UliCEBTAili'l'Y .£! POSITION. 

As stated above, the prol!able maxim11111 error in any one reading 
ia about 60 feet. As this error can be either plus or minus, and 
appears in any reading, there will be a certain amount of uncertainty 
in aey one position. This 1B illustrated in the Sketch in FiglU'e 17. 
The probable error in the distances measured will give a diamond
shaped area centered about the position aa determined by SHOR!N dis
tances. It will be noted that the angle at which the two radio pathl 
intersect at the position largely determines the size and shape of 
this figure of uncertainty. It will be seen that, at very small 
(30° or lese) or very large (160° or greater) angles of interseetion, 
the areas are the largesti and that at 90° the area is the smalleat. 
Therefore, it would appear that the best determination of position 
will be when the angle of intersection of the radio paths is greater 
than 30° and less than 160°. 
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POSITION UNCERTAINTY DUE TO RANDOM ERRORS. 
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On the reverse aides ot Figuree 28 and 29 are drawn arcs ~ 
which the intersection angles are 300, soc, 90o, 120°, and 150°. It 
will be obaerTed that the area ia. almoat entirely within the liai111ng 
ourYel or soo and 120°, and that, only near the base line, doea the 
angle become very large (180°) and the poai tion indeterm:lrlate. 

lWlGB ,2! 1!!. SROlWl SIS~ 

.le stated elsewhere, the radio path is neither a straight linll 
nor a great circle line between the Ship and the Ground Stati~ An118llllae. 
The errect ot retraction in the atmosphere on the radio path 11 to bend 
it down1nu'ds ma.king the path roughly circular with a. radiWJ or abcm'll 
15,000 milee (or more exactly 3.91 R or the earth). This makes the 
radio range about 16~ greater than the optical range. ~e range can . 
be approximated by the rormula1 

D: 1.42 ['fi + '[iJ 

It ie probable, where both Ship and Ground Station ~tenna are at 
low.-;elnatione, that the ef'feote of refraction may be creater than 
indicated in the formula. The factor (1.42) 11 the Yalue 88lected &I 
most .nearly giYing correct range1. where elentiona are ta1rly larp · 
&I 11 the case when· planes are used. 



"SHOlWI" J'OR HYDROGRAPHIC SURVEY OCifTROL 

SHIP UPI.OBER 194.6 

"SHOlWl" 1a the aaae given to a precise SHORT lWfGJ: D.Ylal!ICIJ 
aU.. It ia a apeolalized ad&pb.tion of BADAll in which diat.Dcea 
are aeuured. with a very great degrH or accurac7. !he opera.tioa 
or SHORAI' requires a Ship unit which is called the IIDIOA!OR with 
1 ta necesaaey auiliaey equipmeat ( tiie whole 1ID1 t being designated 
b7 the cOde AI/AP'Il-1, which aeanaa JJIIlY•lU.vt l.IR :BaRD lWWl 
KAYIGA'.PI<li BQ,UIBIII! 'Jpe S)J &Ad two (at leut) GrOUDd Stat10Jl8 
which are specialised repeater• (beilag deaipated b7 the cOde 
Ali/f11!fl•2, meaniDB ABY•D.vt QllOUID BADAB HAVIGA.!IOlf B"'IBml! ~e 2). 
There ia a c011plete deacr1pt1'11 or theae equipment• u part or thia 
paper, 1Jl the aecti on "HOI SllOIWf WCBKS." 

In operation, tbe Ship equipment transmits ahorl bursta ot 
pulses to each ot the two Ground Statioas which reoeive and aaplit.J 
thea and return a similar pulae t~ the Ship equipaaent where it is 
amplified and shown em a oatilode ra7 tube. If the ti.llle interrala 
between tranamitted aignals tram the Ship and the Groun4 Stationa 
oan be aeuured, then the dis taa.cea between the Ship and the respec
tive Groand Station are alao known since dis~ce is equal to tbe 
prOduct ot time and velooi V• Sizlce the distances are radial di ... 
'b.ncea frail the Ground St&tiona, eaoh can be represented bJ a ciroul&r 
arc, and the intersection of the two station aroa will be the required 
position. It will be usumed that the discussion on "HOW SIWR.Ui WOBKS" 
will have been re&dt therefore, 'thie paper will be li.lllited to the 
actual operation or the equipment in the field testa conducted b;r the 
Ship EXPLORBB during the latter part of the 1945 field season in 
Alaak:aA •tars. · · 

The equilJilGnts received for these tests, which were to deter
mine how well SHOB.&K would be adapted to ~drographic Surve7 control, 
were: 

OD 6 August 1945, 4 Radio aets complete Al/~3; 
24 Augua~ 1945, 2 Badio sets complete B/r::PB-2; 
31 August 1945, 2 Seta test equipment. 

The late arrival of these equipments preclllded the operation 
or aore tban one ship an this work although there was equipment to 
opera~e two ehipe. Since the ~este were to be conducted, in areaa 
remote t'rom a:q repair or auppl7 base, each ahip •• to be fitted 
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with two equitmente .AJI/AFII-3 so that as little del&7 as possible 
would result :rrom &.1Q' break!-doc o:r equitment. There were :rour 
grCJWld station equitments requisitioned, but only two arrived for the 
experimental work4 

IB'S'!ALLA'l'ICII .!!!,,!!! ~ B~. 

Two Ship equitments were unpacked and inspected for completeness 
immediatel;y a:rter receipt on board. The balance o:r the equipment was 
placed in the Sound Locker :ror storage 'Wlt1l needed. 

The Bridge and the :lladio Room of the ship had preTiously been 
sUl'TByed for the best posi tiona in which to 1.nstall the two 'Wl1 ts o:r 
the equipment. These sites having been decided upon, suitable foun
dations were installed b;y the .ship's force• and were re~ :ror the 
placement o:r the equitment when it arrhed. The DIDICA'!CB was in
stalled in the Bridge an the aft bulkhead Just inboard trOll the "'DW" 
Echo SCIWlding Equitment. It was necessar;y to shift the "lliiC" cut
board about six inches to maks su:rticient room :ror the DIDICATOR to 
clear the Chronometer case. This save a ver;y satisfactory arrange
ment of the equipment· for use during the survey work conducted, as 
a~l personnel concerned were grouped in a llllllll.l area near the plotting 
table. 

'!'he TRAIISMIT'l!ER 'Wlit was installed in the G)'ro-geerator roCIIl 
on a :ro'Wldation built Just a:rt of the Power Staok of the DOBSBt UI 
Hathometer. This site provided.plenty o:r space·for air cirou.lation, 
and, at the same time, allwed the nec11sar;y 11111ount of aoceilsib1lit7 
to a.djlult the equitment. Hurther, since this part o:r the equipment 
makes considerable noise while r'Wlning due to the blowers which 
circulate air around the transmitting tubes, this ob~eotianable 
feature was reduced to a lllinimual. 

Thill equitment requires the :following power supplieas 

600 watts 
150 watts 

115 volt 40o-2600 cycle alternating current; 
.24-28 volt direct current. 

'l'o :furnish thase two voltages in the required wattages, the 525-cycle 
motor-generator which is a component of the DORSEY III etuipaent, 
and the 24-28 volt gen.emotor which is the power suppl;y for the ABX-4 
equipment were used. A power cable was made up connecting these two 
power sources to the 'l'RAllSIII'P.l!D. 

An interconnecting cable between the DIDICA!OR and the TRAJiSMI'l'!l!m 
was lll.&de up, followiii8 veey care:f'Ul.l;y the instructions in the Manual. 
!l!lis oable was Sl5-o:reet long, measured as about the shortest practicable 



FIGURE 18. SHIP ANTENNA - FROM SHOBE. 

FIGURE 19. 
SHIP ANTENNA - FROM BOW • 
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diltanoe and in as direct a. lil1e as possible between the two units. 
!be cable was laced and taped on completion. Holes were drilled 
through two bulkheads large enough to permit the connecting plugs 
to pass through. '!his was desirable for the reason that the cable could 
be ma.de up more easily oil the bench, and this arrangement permits the 
removal of the cable wi11hout 'W1110ldering the connectiC118o 

Sui table oablea of High Frequency Tranamisaillll Line were ma.de 
up to OCIIlnect the RECEIVER in the INDIOA'l'OR and the T.RANSL!I'l"l'ElR to 
their respective ~. 'lhese cables were ma.de up several feet 
longer than the installation required to allow for possible change in 
position of the equipment or the antenna base. These were both cut to 
a- length of 75 feet. !l'he Transmission Line to the T.RANSMIT'l!lB was run 
"-P the star-board aft top sta;r or the mast; the 11!l.e to the l!IOEIVER 
was run up the transmission line to the RAD~ Both were secured at 
intervala of about 18 inches b,1 marlin. 

The antenna :BASES had been made up at an earlier date and were 
ready for installation. These consisted of two ground planes ma.de ·up 
of aluminuM angles with a suitable base for the antenna dipole. 
These bases were .upported by an aluminum-angle frame-work secured to 
the protective cage at the bass of the RADAR DOD at the truck of the 
fore-mast. The installation was secured by ~bolts to this frame. 
Several Photographs of the Antenna installation are shown in Fig~.l&-21. 

The installation of the Ship equipment was completed on 20 August 
and the power was applied for a check on the equipment. (In the 
usual installa.tiw. aboard a plane, the 24-volt DC power runs a 400 
cycle A.C. innrter; if the :00 power fails, no other power is applied 
to the equipment). !l'he equipment is protected frcm damage by a. :00 
relay which closes the AC line in this installation just in case 
there should be a f'ailure of the protective device within the trans
mitter. '!his probably is just an extra. prec,ution, and is not necessar,r. 
The DO_power is necesaar,r only to operate the blowers which circulate 
air around the transmitting tubes and in the Indicator and Transmitter 
apaoes, but poa1U'rel7 lliu.st always be on when the equipment ia running. 

This teat run of the equipment was ver,r satisfactory. Opportunity 
was ta.ken to ma.ke prelimina.r,r settings for the receiver frequency of 
:no llCPS and the Transmitter HIGH frequency at 250 MCPS0 and the LCJI 
at 230 MCPS. These latter frequencies were determined by means of a 
General Radio Wan Mater Type 758-A, which proved to be accurate with
in about l me~yole when later checks were made with a LaVoie Meter. 

DISTALLA.TIO!l OF GROUND STATIOI'S. 

The late arrival· of the Ground Station equipment determined more 
or less the area in which the experimental work was to be conducted. 

• 



FIGURE 20. SHIP ANTENNA - FROM AFT. 

FIGURE 21. SHIP ANTENNA FROM BELOW. 

43 



44 

A project for the BurTe7 ot Ingenstrem. Reck had been given the Ship 
late in the season, and it wa11 decided to m&k:e the sur-re)' o:r this 
area with SHOBAN c~trol. Accordingly, sites for the two Ground 
Stations were decided upo1u one station to be on the eastern end 
o:r Sh81Q'a Island, and the other on lrrugl.oi Point on the north-eastern 
end o:r .A.ga ttu IslaM. 

STA.TICii "SHOR". Work was begun on the establishment of the Sh811J18. 
station on 5 September 194.5. The site selected was on fairly high 

·ground, elevation 2»-feet, close to an un118ed Pacific Hu.t built b)' 
the u. s. ~ as a lcek-C'Ilt post. All Ground Station equipment and 
011111p ·equipment was transferred from the ship to the station site 
during the morning, b)' whale-boat :rr.-. ship-to-shore, a.lld b)' liav.Y 
truck fran shore to the site. The actual esqbliehment of .the sta
tion was begun in the afternoon, with preparation tor erection of the 
Antenna l4AS'l'. The chara.cter o:r the ground precluded the 118e of stakes 
for securing the mast sta.ys 1 deadoomen were necessary to insure sup
port of the mast d~ing the heayY winds tha.t prevail in this area. 
The dea.d-men consisted o:r wooden frames about a-feet b)' 4-feet made 
of 2x4's. These were buried at depths varying fr.-. a. few inches to 
three teet, depe.llding upon the na.ture o:r the earth under the ~ra. 
The dea.d-men were weighted down with bags of sand available !rom the 
abandoned'loo~out.post. This part of the work was the most difficult, 
and required about three hours to a.ccomplish. The mast wa.s assembled 
and the gqJ ca.blea run out to their respective dead-men.during the· 
eett:Lng o:r the dead-men. The Antenna Base, antenna dipoles, and. the 
transmission ltn&s were a.seembled, and the mast erected the fOllowing 
morning in a little over an hour's time. The base of the mast was 
abC'Ilt 50 feet from the hut which h011Sed the Transmitter-Konitor; 
this necessitated the use of both sections of transmission lines, 
making the total length 124 feet. · 

The station equipment was set up and the power units C01111BCted 
by the cables provided. The operation of the equipment was tested, 
and an over-a.ll check made or all the functions of the station equip
ment. This Receiver was tuned to receive sigDals o:r a frequency of 
230 mops; the Transmitter i'requency checked a.t 310 mops. The power 
output as determined by a watt-meter was about 60 watts a.verage, 
indioa.ting a peak per-signal power of close to 15 kilowatts. 

Communication between the Ground Station and the Ship was pro
vided by ra.dio 'phone on a frequency o:r. 2. 738 mops. ThiB equipment 
was loaned by the Army Signal Officer on Sham)'& for the duration o:r 
the project. The oQQDunication antenna was attached to the SHOBAH 
mast j118t below the antenna base. It was i'ound that, when the 
antenna arra:s wall pointing in .the same direction as this c011111unioation 
antBIUia, there was enough pi~up, when 118ing the phone, to cause the 



FIGUBE 22. 

MAST ASSEMBLED ON THE GROUND 

FIGURE 23. 

MAST BEING RAISED (1). 
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SHORAN Transmitter to over load and thus open the overload relay. 
This was not cOMidered at all detrimental to the operation of the 
station since this particular pointing was little used. Receiver 
gain could be reduced to a minimum if necessar;y to use the 'phone. 

The DI&St was located by usual triangulation methods from avail• 
able sta.ti0l111! near-by on the island. The elevation Of the base was . 
determined by dip-angles to the horizon. The elen.tion thus computed 
was 220 feet, which made the height of the dipoles 270 feet (the Dl&st 
being_50·feet tall). 

STATION This station wae to be established near triangulation 
station on the north-east point of Agattu. Island. While this 
area was not in the practice-bombing area, the station which was 
Dl&l'ked by a large white-cloth-covered ·.tripod seeldd to be a particular 
favorite to the fliers. The area for several hundred yar4s about this 
point was well covered with bomb craters, and a particularly large 
number -of unexploded ps.rafrags lay near the station. There had been 
no explosion within ten yards of the station, although there were some 
25 m "duds" within that radius of the station. A bomb disposal squad 
was brought from Attu. to get rid of these bombs before the construction 
work could be started. It was also neceasar;y to request that no fur
ther bombing in this area be dons. 

The 114th Construction Battalion (liavy) had been contacted pre
vicuely with regards to the conlltruction of a knocked-down hut to 
be used at this station. !!hey not only were agreeable to the con
struction of the hut, but wanted to erect it as well. A weasel, 
material for the hut, and 6 barrels Of gasoline were loaded on an 
LC.T on the evening of 16 September, and taken to Agattu Island the 
following morning. A landing was attempted in the cove on the north 
side of the point near KRUG, but due to the low tide, the LC'l' could 
not get over the out-lying rocks, with safety. It was· then decided 
to make the landing at MacDon~~old Cove (near the middle of the eastern 
side) where the material was landed. One load of equipment consisting 
of two halves of the floor and several small sections were taken to 
the site that evening. The. following day two more loads of material 
were taken to the station and the hut partly-erected< ·It was necessary 
to call, off all operations due to a severe storm approaphing, and ~he 
Ship ran to Attu. No further work was possible until 24 September, 
when the hut was completed. Due to the generally bad weathe.r condi
tions which would prevail from tliis date on, it was decided to abandon, 
at least for the season, the plan of surveying Ingenstrem Rocks. 
Landings at the station would be difficult or require a ~ong hike over 
the tundra from MacDonald Cove. Therefore, all the equipment which 
had been taken to the station was returned to the ship that evening. 
The hut, however, was secured for the winter and will be available for 
future operations. 

~~~~~~-··-·---·--·--·------



FIGUPJi: 24. 

MAST BEING RAt SED ( 2) • 

-

FIGURE 25. MAST BEING RAISED (3). 
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The program of experimental work had to be revise~ to allow the 
establishment of thia GroUnd Station somewhere near Massacre Bay 
where the ~ifficulties of servicing the ~tation woul~ be much less. 
It was ~eci~e~ to establish this station near ~riangulation Station. 
LIT'l'IE on Mur~er Point. The side selecte~ was about a half mile west 
of this station, on the top of a knoll 105 feet in elevation near the 
Statian SARA.NA.C. This was the site of a gun emplacement which he.~ 
been abandons~ for some time. A small hut was available as quarters 
for the men, an~· as space in which to install the Ground Station equip
ment. 

The erection of the mast followe~ much the same linea as at 
Statian SHOR, with about four &nd.a half hours total time required 
for erectian. It was neceasar,y to install aviation obstruction lights 
on the maa:t heM, for the station was on the line .of approach to the 
landing fiel~. Power was mMe available from shore for these lights. 
The elevation of the ~ipoles was compute~ at 155 feet. A series of 
photographs showing phases in the erection of the 11a11t are shown in 
Figs. 22 to 27. 

The Receiver at this station was tune~ to a frequency of 250 mops, 
an~ the Transmitter checke~ at 310 mops. The ~ic•tea. power output 
at this. station was about 50 watts average, or a peak per-signal power 
of 12 kilowatts. A check was m~e of the operation of this station 
with the Ship with satisfactory results. 

THEORETICAL STATION RANGE. 

The theoretical station ranges were computed from the following 
formula: 

In thia case: 

D = 1.42 ( fG + fS ) , where 

D = ~istance in statute miles, 
G = elevation of Ground Station antenna in feet; 
S = elevation of Ship antenna in feet. 

G at station SHOR = 270 feet 
G at station RAN = 155 feet 
S at Ship = 80 feet 

Therefore, the theoretical ranges of the two stations are 

SHOR 36 statute miles 
BAN 31 statute miles. 

This formula actually gives values for relatively long linea, 
aild ~oes not give a trua range for short lines. Therefore, it was 
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expected that the usefUl range would be somewhat greater than that 
canputed. It was interesting to see how much further correct and 
useful mileage readings could be obtained. 

PBELmiNARY OPERATION AND CALIBllA.'l'IW. 

' Ground Station lag has been standardized at 0.180 statute miles; 
therefore, if there were no additional lag in the Ship Equipment, 
the vernier setting for correct distance measurement should be 99.820. 
However, the lengths· of the antenna transmission linea and the inter
connecting cable add an appreciable lag to the inherent instrument 
lag. This value ca.n be canputed fran a theoretical consideration of 
the cable pr~perties from the formula1 

Where 

D= l 
5280 

D = additional correction in statute milea, 
R =length ot tranamiaaion.line from dipole to 

Receiver in teet, 
~ = length of tranamission line from dipole to 

Tranamitter in teet, 
I = length of interconnecting cable in teet, 
i = length ot inte!connecting test cable. 

In this inatallation: 

'I& R = 75 teet.c6° 
LfS T = 75 teet. c. 0 

I = 35 .teet. 
i = ·5 teet.· 

!'rom these values: D = 0.028 atatute miles 

And the vernier reading tor the ZDO CRJICI 11 

99.820- 0.028 z 99-792. 

Several preliminary checks with Station SHOR indicated that 
this correctiQD was too much, that is, all distances were short b.J• 
about 0.010 mile. Further, aa this adJustment caused the llarker Pip 
to be moved a little too far clockwise for good results, the setting 
was made (arbitrarily} at 99.802. The first series of testa were 
with this setting, and with StatiQD SHOR only in operation, and when 
there would be no interference with other field work. 



A special plotting sheet was prepared, soale la80,000, on which 
to plot Yilual fixes taken eimul taneowsly with SHCil.AN fixes. ThJs 
scale was selected as most satisfactory since most distances to· be 
measured would be of the order ot th1rit to f'ifty miles in length; 
and the scale was most practical for use of the three-a~ protractor 
in plotting the Yisual f~ A series of 51 obserTatlons were made 
on 11 September with distances varying from 12.8 to 33.2 atatute miles. 
The mean difference between SHORAB and scaled distances was fcnmd to 
be 0.006; that is, the SHORAH distances averaged 0.006 mile• short 
of the scaled distance. Consequently the ZERO CHECK adjustment was 
made at 99.808. 

A fUrther series of teat distances was made on 15 September. 
On this d~, the observed distances Yaried fran 8.7 to 40.2 statute 
miles. The mean difference as calculated from these observations 
indicated that 99.808 was too Large by about o.oo6, that is, the 
measured distances were longer b.1 this amount than the scaled dis
tances. But, as there were m.any shifts in fixes, not too much weight 
ha.s been given this data, and the ZERO SET was adjusted at 99.806 and 
the adJustment not changed for the remainder of the· operations. 

It is not to be in.ferred fr~ the above paragraphs that the plot
ting of the three point tix is exact, nor is the data fran which it 
1a obtained. Actual tests show that, where the angle between two 
objects is about 300 , and the distance fran than 1s about 10 lfe.utical 
miles, that an error of 01' 1n the obserTed angle will displace the 
position about 10 meters; and where the distance is about 20 miles, 
this shift will be about 25 meters. If this angle is about 120°, the 
shift is smaller, being about 4 meters in 12 miles. As e. result of 
this possible error in a three-po~t fix position, the differences 
aboYe cannot indicate e. true error, but can indicate only that the 
settings as prescribed in the manual are not exactly correct. They 
m~ indicate that the Ground Station lag is not as large as theoretical 
computations make it; it may be somewhat nearsr 0.165 statute miles. 
It is also possible that no two Gr~d stations will have exactly the 
same lag, a fact which is shown to be the case in the test work done 
on 29 September and 5 October 1945. 

A source of a small error in Ground Station ZERO ADJU3T is in 
the fixed and Yariable delay lines, a.nd in the adJustment of this 
ZERO. The lines are made up of sections of artificial transmission 
lines with a computed delay time corresponding to 0.005 statute mile. 
It is apparent from the operation of the ZERO ADJUST that there are 
specific steps in the adjustment, and that it is onl.7 accidental thai 
one point should make a perfect coincidence of the two pulses shom 
on tile 'scope. It 1s more probable that the position should be some
where in between two contacts, and that the combined error in the 
fixed and variable delay lines may be as much as + or ... 0.005 mile 
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(allowing halr the error to each delay). This cannot be exactly 
compensated for in the present equipment, but the fact of·the error 
should be kli.own. To determine what the actual per-section value of 
the delay line was, a short test was run with one station in opera
tion. The ship was secured alongside the pier, so there should be 
no change in actual' dista.nce. The ZERO ADJWT was properly set at 
the Ground Station, and the mileage read at the Ship. The ZERO ADJUST 
was mov_ed one point to the right at a time until fCJU" settings bad 
been made, a mileage reading being taken at each stting. The ZERO 
ADJUST was then properly set, and the mileage re-read: 

ZERO ADJUST 

Correct 
1 right (C W) 
2 right 
3 right 
4 right 
Correct 

DIS!I!ANCE 

02.595 
02.602 
02.605 
02.609 
02.614 
02.595 

From this it would appear that each section Of the variable 
delay line is close to the theoretical value (mean value 0.0048 
statute mile). Thus, bad a series of readings been taken, and then 
it was discovered that the ZERO ADJUST bad not been correctly set, 
the proper correction could be applied: subtract 0.005 per point if 
the ZERO is to the right; add 0.005 per point if the ZERO ia to ihe 
left. Or, add if it is necessary to turn the switch clockwise; sub
tract. if turned counter-clockwise. 

PROG:RA:M OF OPEl'IA.TIOlllA.L 'l!ESTS. 

Due to the limited time available for experimentation with the 
SHORAR equipment, the following program was laid out with the view of 
accomplishing as much as possible with the least waste of timet 

a- Run line between RAN-SHOR keeping on line by visual control. 
Paaa out of Bay b,y East Channel. At Buoy 6 set course 98° 
true and continue eastward as far as practical, when, reverse 
course ani repeat back to anchorage. Take SHOB.Ali fix at one 
minute intervals thraaghout run. Take Visual fix at fiTe 
minute intervals. 

b- . Pass out of Bq through West Channel. At point near sea 
bu!1J' c/o to 180° true and run to Lat. 52° 34', when c/c to 
90° true IDILintaining ship on this cour1e for about 30 nauti
cal miles, or to iimit of recaption of signals from Station 
IWJ. Then o/c to make line spacing about l mils, and set 
oourse 2?0° true to limit of reception of signals from 
Station SHOE. Return to ancbora.ge. 



c- Run total of siz (6) lines on east-west courses parallel .and 
similar to (b). 

d- Develop the area between Lat. 52° 34' to 52o 41' north, alld 
Long. 173° 10' to 173° 21' east, bf lines epa.ced at aboat 
350 meters, as per stalldard practice for the area. 

e- Repeat line (a), but with SHCI!.Ali fiDe at 30-aecolld intervals. 

Prepare a· st&lldard 42" x 72" boat sheet on beat available manila 
paper, plotting the two Stations SHOB. !!lid RAIIf only; and ink in 
the distance circles at 2 statute-mile spacing fran each station 
to limit of' the sheet. Suitable colors to be used for these area. 

Use an ODBSSEY Protractor to plot SHORAlf fixes. 

Take three-point fixes at not less than lo-minute intervals 
whenever possible. 

In these operations a total of 525 statute miles were run, 
exclusive of the runs necessary to and fran the Ba,y. Except for the 
two lines specified in (a) and (e), soundings were taken using the 
808-AS type Depth Recorder, alld all work recorded in a manner suitable 
for use in plotting a standard hydrographic surve,y. The Sheet was 
given the number 4245 EXPLORER, with Sounding Record Vola. 1, 2, 3, 
and 4. The ove!!'-all picture of the operations can be seen in Fig.32. 

RESULTS!!!.. ~-EXPERIMENTAL .!2!!!• 
The two main objects in making these experiments were to detel'

mine the suitability of SHORAH in Hydrographic Surveys, alld to check 
upon the accuracy and consistency of the observations. The experi
mental work clearly and conclusively demonstrated that SHORAK is a 
very· valuable device with which to control this type of survey. The 
accuracy of the SHORAN fix and the speed with which it can be obtained 
and plotted are almost unbelievable. Changes of' 1/2° in course show 
up easily with this control. Positions taken at unif'o~ time intel'
vals show unifom spacing on ths sheet. A Position can be plotted 
within 15 secollds after the time of "MAliK", and a new course set 
withwt loss of' any time, if' necesaary. As a means of CCIIIIparison 
(or contrast), visllal fixes were taken simultanewsly with SHORAll 
fixes. It required not leas than 30 aeco%1ds to get the anglel recol'
ded, alld an additional 30 to 45 seconds to plot the f'iz with the 
standard protractor, or between 4 to 6 times as much time as required 
to plot a SHORAll' fix. 

6 0) 
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Sinoe the velocit7 of the electramagnetic wave in space is con
at&nt within the limite eet forth in the section an "HOW SHOIWi' WOBKS", 
there is .11.0 need to make &IIY &djustment to measured diBtances as was 
always found to be necessary in Radio .A.cOUBUo I!a.nging (R • .A..R.). 
Further, the radio path is well defined over the relatively short 
distances meaeured, and 1a not subject to reflections within the uae
tul distances; whereas, the path of sound in sea-water was little 
understood, though there were DI8D.Y theories on the effects of reflec
tions from the surface and bottom, and the distortions caused by 
intervening shoals. Once the Instrumental ZERO had been determined, 
it is only necessary to correct for the deviation from this.setting 
(which is usually small and most of the time, not plottable). 

It is fairly conclusively shown that the Ground Station lag is 
somewhat smaller than the theoretical value of 0.160 statute mile, 
and that it is not necessarily the same for all Ground Station equip
manti. An exact value for each station has not been deterznined, bll.t 
a very close approximation to the correct values are: 

SHOR •••••••••••• o.-163 statute llliles; 
~N •••••••••••• 0.149 statute miles; 

and, as a consequence, the two zimo SETfmGS on the Ship equipment 
should be: · 

SHOi •••••••••••• 99.808, 
~~ ·••••·•••·•• 99.822. 

Further, 1t wae discovered, that the ZERO Sll'! did not remain constant 
throughout a long period of operation, and that it was necesaary to 
record the value of the ZERO CHECK as deterznined at frequent intervale 
in order to compensate for this drift. This waa fOund to vary as much 
ae o.ou statute miles during an eight-hour periOd of operation; and 
that there was no apparent predictable rate of change. The curves of 
the six days• operations showing the ZERO drift are given in Figs. 
30 and 31. .A. straight line connection of points would probably gl.ve 
a good approximation to this correction. ID. moirt oases it is very 
small, and, of course, can be neglected while plotting the boat sheet. 
This m&simum deviation of 0.013 statute mile is about 20 meters. 

The values for the ZERO SE'!S were detel'lllined f'rom the three 
runs on the lins between SHCll and RAN. The computed distance (bJ' 
triangulation inverse) ~ f'ound to be 66,600 meters, or 41.362 
atatute llliles. The mean sum of' 299 observations gives this ·distance 
as 41.364 atatu11e llliles. .A. o0111parison with visual f'iua indicated 
that the correction to all readings should be about as followaa 

SHOR ••••••••••• ~ +0.002 statute miles, 
RAN •••·•••••••• +0~016 atatute miles. 



It is assumed in these computations that the distance between SHOR
RAB is exactly 41.382 statute miles, which would require perfect 
triangulation. Further, the two positions are based o.n several 
eohemes of second order triangulation covering several groupe of 
ielmda, which have not been adJusted to a common base. Therefore, 
there may be an error of as much as 0.004 statute miles in th11 com
puted base eT&n with the adJusted network. !hie argument holda as 
nll with all the visual fixes taken sian1l. t&neoualy with the SHCIWl 
fixes, and the differences between the SllCilAB distancea and theee 
scaled from the plotting shee• are to be taken with some caution. 
Therefore, these differences can only indicate that there is actuall7 
some difference between theoretical and actual lag values, and no• 
that the actual difference has been dete:mined. These values are 
probably within a few thousandths of a statute mile of the correct 
value, and would be highly accurate for eydrograph1c survey control. 
This will be corroborated by experience whieh indicated that the posi• 
tiona can be plotted about as follows a 

Scale of sheeta laeo,ooo to neareat 0.01 statute mile (16 meters); 
Soale of sheeta la40,000 to nearest 0.005 statute mile (8 meters). 

In detemin1D8 the Talues !or the distance differences, the three
point fixes were plotted as carefully as possible, then the distances 
to the two Ground Stations scaled off. These calues were then compared 
with the distances measured by SHOBAN. A fix was rejected (in the com
parisons) if the difference to even one station was excessiTe (s~ 100 
meters). 

The per-station 'error• is substantiated by the simultaneous fixes 
taken during the runs of lines (b), (c), and (d), but the values deter
mined must be considered only a verification that this difference exists, 
and must also be considered in the light of a probable large error due 
to the three-point fix itself, since the observed angles can be aaaumed 
to be correct to+ or- 01', and that signal position is not known with
in· the tolerance of second (or even third) order triSDgUl&tion. 

A summary of these distance differences is given 1n the following . 
table a 

ll'tUilber of Kean ZERO SET Table 
Date Ccmpariscm.a Di!:terences 99.806 I' umber 

29 Sept. 177 SHOR + 0.002 I & I•A 
RAll + 0.016 

1 Oct. 36 SHOR + 0.006 III 
lWi + 0.002 

2 Oct. 53 SHOR + o.ou IV 
RAJ' - 0.001 

3 Oct. 57 *SHOll - 0.006 v 
*BAll' + 0.017 
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Date 

5 Oct. 

Number of 
Comparisons 

122 

Mean 
Differences 

SHOR 
1Wl 

ZERO SE'l! 
99.806 

Table 
Number 

VI 

• ~e values determined on this dai are considered almost as good aa 
those-of 29 Sept. and 5 Oct., as the signals for the fixes were the 
same throughout the day. ~ere were too many changes in the fixes Of 
the other dais to attach very muoh weight to those values. 

lWCIMilll DISTANCES OB'l!A.INED. 

~e value of SHOIWI would be very great indeed if the useful range 
of the equipment were sufficiently large for a moderate elevation Of 
the Ground Stations. It was hoped that the Ground Stations could be 
established on relatively high ground so that the elevation of the top 
of the Mast would be at about 500 feet, when the theoretical distance 
would be about 43 statute miles. As conditions did not permit the 
desired elevation, the beet sites available were used. As indicated 
in a previous paragraph the stations were established at a considerabl~ 
lower elevation. ~e runs to determine the maximum useftl.l. range were 
made with the following results1 · 

Date Station 

2 Octo SHOR 
5 Oct. RAN 

~eoretioal 
Max. Distance 
36 Statute Miles 
31 Statute Miles 

Practioal 
Max. Distance 

47.335 Statute Miles 
46.953 Statute Miles 

Excess over 
~eoretioal , 

11.3 Statute Miles 
15.9 Statute Miles 

Signals were excellent up to these distances, after whioh there was a 
very rapid decrease in signal strength, and within a mile, there was , 
not enough to give an indication even with maximum gain. ~is large 
excess over that computed by formula is due largely to the much greater 
refractive effects at low altitudes and to·a lesser degree by the great 
signa,l strength within the range used. It would appear that a safe 
formula for the computation of theoretioal range with moderate eleva• 
tion would be• 

D = 2.0 ( (G + (S ) , where G will not exceed 500 feet •. 

~e fact that the signals from Station RAN were received at 
almost the same distance as those from SHOR which was at an elevation 
some 120 feet greater, may be accounted for by the fact that a much 
more experienced 'l!echnioian was detailed to assist the assigned opera
tor at this Station and observe the actual working conditions, and 



make s®h adJustments ae seemed necess•1'7• The station wae 'therefore 
kept at optimum operating condition at all times, with receil'er tuning 
checked frequently (and gain set) to assure proper reception Cf the 
ship's signals. 

The lfili'IICIX distances measured were obtained 'When pessing near 
Station BAI by West Pass. These varied f~om 1.010 tc 1.005 statute 
m1lee, with gain at Zero to prevent over-saturation. In general, .such 
short distances will not be used, but if they are, they will have to 
be corrected to se~level distances as explained elsewhere. (This 
correction will not be much greater than o.oo5 in the most extreme 
case, however.) 

The Sketch shown 1n Fig. ~2 will give a general idea of the work 
done during these experiments. The circled poBitiona refer to those 
listed in the various tables, and are those :f'or which there is a 
simultaneous SHOBAI and 'll'isw.l fix. The other posi tiona are those 
'Which were used :f'or the hydrographic survey control, and are connected 
bf means of' the colored linea. As this sketch is for illustrative 
purposes only, distances cannot be scaled from it. The sketch was 
made from US 0&08 Obart 8865, with a scale modification to about 
11160,000. 

CASUALTIES. 

Only one ~~~&Jcr oaew.l ty to the equipment oooured during the total 
operating time (nearly seven days), during which the Ground Stationa 
were operating nearly 9 hours a day. After about three hours operation 
of Station RAN on 1 October, the Operator advised the Ship that he bad 
to shut down as 11111oke was coming :f'rcm the Monitor UnU, and that there 
wall no trace on the Cathode Ray tube. The fault 'llll.a isolated to the 
Receiver Unit, where later examination showed that one of the coupling 
condensers 1n an Ill' transformer bad ehort.ed, causing all the filter 
reeietors 1n the plate supply to burn out. This heavy loe.d on the 
power supply tUbes (2-5R4GY's) had been too great, and had burned them 
out as well. Replacement parts were ·~orrowed" from the spare Ship 
equipment and placed 1n the Ground Station Unit, after which a test 
run proved no other damage bad been done. 

It was ·noticed that there was considerable interference at Station 
RAN from some other RADAR equipment in the vicinity, and that the 
Receiver would block frequently :f'rom these·pUlses. There were no 
seriously unsatisfactory results from this blocking, and the station 
was operated three d&ye on the original frequency. Checks showed that 
the RADAR :f'requenc: was about 246 mops, ao it was decided to shift the 
Station receiving frequency up about 5 mops to 255 mops, and thie wae 
doll8 1n the evening of 2 October. While blocking still continued, the 
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effect was much diminished. Thia frequenc;y was maintained during 
the balance of the testa. In changing the Ground Station Receiver 
frequency, it was also necessary to change the high frequency in the 
Ship Tranamitter to correspond! this is about the upper limit in 
this setting. 

The .Power Units (PU-4) ~ve very little trouble during the time 
of operations. There were such•minor casualties as1 forgetting to 
turn on the gasoline supply line valve; and flooding of the engine by 
failure of the special pressure valve in the supply line. ij"o actual 
stoppage of operations was caused by 8.D3 power unit failure. Howev.er, 
a man who really understands two-cycle engines is really necessary at 
one of these Ground Stationa. · 

As there is an excess of 24-volt d.c. power, this was utilized 
to charge batteries for the Radio 'Phone. In one instance, the bat
teries were left connected to the generator when it was shut down, with 
the result that the d.c. polarity of the generator was reversed, and 
the batteries dead. This reversal of polarity was remedied by flashing 
the field in the correct polarity with a new set of batteries. 

GROUND S'I!ATION PERSONNE:L AND OPERATION. 

For the purposes of these experiments, the minimum of personnel 
was assigned to each of the Ground Stationsa a Junior Radio Tech
nician, and a Seaman, a.b., as assistant. This is the absolute mini
mum for station operation of about 8 hours a day. Where it is con
templated that operations will extend over longer periods, additional 
men must be available, as there is a large amount of routine checking 
to be done to keep the station in correct operating condition. In 
'the installations where this equipment has been used by the Alllfi, it 
has been the practice to have an Officer in charge, with three tech
nicians, three assistants, and three or four men as Guards. 'Dlis 
large group is not essential from the operating point of view1 guards 
will not be required in the areas where surveys will: be conducted; 
nor will it be necessary to detail an Officer to a Station. The 
Station ccmplement should consiat Of (a) a Radio Technician, in charge; 
(b) a Radio man; and (c) at least two seamen as general assistants, 
if continuous operation of the Ground Station is contemplated• 

Ground Station e~ipment must be started about 30 minutes before 
control operations are scheduled to begin, during which time the var
ious functions must be checked frequently to assure proper operation. 
The routine checks as outlined in the Operators Manual should be 
followed implicitly at intervals no greater than one hour, and prefer
ably at intervals of 30 minutes. Each series of checks re~res about 
5 minutes, and will not greatly interfere with operations from the 
Ship. The ZERO ADJUST is the most important, and if no other cheek 
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is made, this one MUST be made frequently, and any great adjus~ent 
(say 2 points or more) reported immediately. 

It is desirable to have the ZERO ADJUST checked at a specified 
time, for it is during this check that the Ship Unit can be properly 
CALIBIU.'l!SD. Both stations can be on KOlliTOR-OPERAT& at the same 
time, and a 5-minute period 1B sufficient to make the CALIBRATION 
ADJUS~ on the Ship equipment. Naturally, it is not generally 
possible to Calibrate to BOTH stations s~taneously, tor the cry
stals will not necessarily be exactly alikea 93.109 kcs. It will be 
noticed that one pip will moTe slowly while the other is stationary. 
Ordinarily, this rotation speed will be not faster than about 2 or 3 
revolutions per minute, and, in general, there will be a lzlOO,OOO 
check between the two stations. This check cannot be made before a 
2o- to 3C>-m1nute warm-up periOd of both Groun·i s.tation and Ship equip
menta. 

The antenna reflector system confines the transmitted return 
pulses to a beam width of very nearly eo0 • The effect is very pro
nounced as the side of the beam is approached, for the received signal 
becc::mes fliokery and fuzzy, and it is hard to align the pulses with 
the Marker Pulse. A similar effect is observed at the Ground Station, 
tor the received pulse (shown when the Function switch is in 'Operate• 
position). The effect is not so noticeable when the ship is within 
20 to 30 miles of the Ground Station, but at greater distances, the 
antenna must be trained so that it points in the general direction 
of the Ship. In order to facilitate this operation, several orien• 
tation points were located at each station when it. was set up, and 
stakes driven to which to orient the antenna array. These were 
numbered 1, 2, and 3 (and so on) for identification. As various areas 
were passed through~y the ship, the operator at the Ground Station 
affected was requested to swing the antenna to the desired position. 
'l'he operator can, and should, make suoh adjustments without the &d.Tice 
from the ship if, by observing the signals on his •scope, there ia an 
indication that the ship is passing out of the beam. 

The Ground Station equipment must be operated for at least 30 
minutes per day to keep it 1n O}timum working condition. This will 
generate enough heat in the equipment to keep it dry; it will etten 
permit the discovery of a fault at a time when there is an opportunity 
to correct it. All controls should be turned slightly to prevent 
•tree zing' in one posi tio.a_ and all adjustments should be made as 
though the station was to be in operation all d.q. The rou.tine checks 
to the various blowers and other mechanical parts should be done at 
specified in the 1~1. In general, the accumulation of dust in 
these areas is Tery ams.l.l, bll.t 1 t should be guarded against. 
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The Power Units (P'CJ-4), which are high speed a-cycle gaeoline 
engine drive generators, require a certain amount of attention to 
keep them ready for use at a minute's notice. The precautions relative 
to the quality of gasoline, lubricating oil, and even straining the 
gasoline muAt be followed or unnecessary delays will result. A man 
with experience with ~t~board motors is qualified to take care of 
these unite. As there are two generators at each equipment, they 
should be used alternately as much ae practicable. 

It is desirable to keep a log at each Station, giving the Serial 
Numbers of each piece of equipment. This log should note the times of 
starting and stopping the equipment; what adjustment&, other than 
routine, are necessary; the amount of gasoline used, and so on. It 
must be kept up•tO•date at all times. 

There is sufficient a.c. power available to provide about 150 
watts of lighting, and d.c. power at 26~volts to keep storage batteries 
for communication equipment charged. If such a charging circuit is 
used, the batteries must be connected·to the generator through suit
able switches or relays so that the battery is connected in only when 
the generator is running. The relay will take care of this automatically, 
but a switch must be opened before the generator is stopped, and closed 
after the generator is etarted. 

These Units are quite economical in the consumption of gasoline, 
This is an important factor in use of the equipment, for it is necessary 
to haul (or back-pack) all the gasoline to the station. It was found 
that, during these te~ts, ab~t 3 quarts per hour was the average con
sumption at full load. Of c~rse, this quantity will vary somewhat 
with the installation and operator. It would be safe to allow one gal
lon per h~ of operation when setting up the station, and that quantity 
taken to the station when it is established, for the best transportation 
and conditions will probably obtain at that time. 

SHIP STATION AND PEBSONNEL AND OPERATION. - - -
The pars onnel set-up in the Ship during these runs was as follows: 

1- The Officer in Charge, 
a- The Officer on Watch, 
3- The Officer SHOBAH Observer, 
4too An Officer to take angles w'l. th No. 1, or No. 2, 
5- The Recorder, 
6- The Fathometer Reader, 
7- The Qgartermaster, and 
8- The Helmsman. 

The three Officers alternated duties at frequent intervals, 
usually hourly, so that all might have some experience at both SHORAN 
Observing, and SHORAN navigation. The SRORAN observing is not a labo~ 
ious duty, bu.t is somewhat fatiguing due to the necessity to watch the 



moving pulses and keep that nearly aligned at all times so as to 
be ready for a fix when called for. 

The Recorder and the Fathometer Reader alternated duty at about 
the same frequency. 

The Ship equipment must ( or should be) started ~ a ane 20 to 30 
minutes before work is to begin. This actual warm-up period is not so 
critical on the Ship as at the Ground Station, for the Ship equipment 
is Synchronized with the Ground Station, and this can be done frequently 
if it is necessary to shorten the warm- up periOd. During the warm-
up period, the ZERO CHECK can be made; also a preliminary check can be 
made with the CAL ADJ. Since the accuracy of the timing of the Indica
tor depends upon the correct functioning of the 93.109 kcs. crystal, 
proper CAL ADJ cannot be ma.de until a stable temperature has been 
reached - or in about 20 minutes. There will be a noticeable drift 
to this crystal frequency at first, but there will be little or no 
change after the warm-up period. 

In these operations, the ZERO CHECK was set (Sept. 30) so that 
both verniers read 99.806, and this setting was not changed for the 
duration of the tests, so that there would be a common reference for 
all observations. It was noticed that this setting did not remain con
stant for any great length of time; and, as a co.DSequence, a ZERO CHECK 
was recorded at intervals of about an hour. It was then possible to 
make corrections to all recorded distances to reduce them to a common 
ZBBO. The high frequency station (RAN) ZERO varied more than did the 
low frequency station (SHOR)a 

SH<E 
RAll 

99.805 to 99.814 
99.793 to 99.807 

correction +O.OOl to •0.008 
correction +0.013 to -0.001 

While running lines (a) and (e), distances from the two Ground 
Stations were recorded at SO-second and 3o-second intervals respectiTely. 
While making the experimental hydrographic ~ey, positions were recor
ded at 3-minute intervals, with an occasional odd interval as necessary 
to change course. An interval-timer (Stromberg-Carlson type) was uaed 
to indicate the time for positions and soundings. 

At about 30 seconds 8afore the time of a position, the Recorded 
called& "On the .next," when the SHORAB operator made a preliminary 
setting of the verniers. At 10 seconds before the position, the 
Recorder called& "Ten Seconds," and the Operator began tracking the 
receiTed pulses with the Marker. On signal from the interTal-ttmer, 
the motion to the verniers was stopped, and the Operator called out 
the distances. 

Example: 

Forty-one two eight seven (recorded ae 09.276) 
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~iala were made to place the Ship on a required line by SHOJWr · 
coordinates alone, w1 th good success, considering that the exact trans• 
f'er distances of' the llhip were not too well known. Turne were made 
with various degree of' rudder angle from which a general idea of' the 
tranef'er distances was given. A further 1tull,y of' this would be of' 
great· value when actual work is undertaken. 

In order to place the Ship in a deaired position to start a line, 
the SHOl!A!l coordina.tes of the point were given the Observer, who then 
gave auob directions as necessary to bring the Ship as near that point 
&a possible. The process is simplelt when going to or away from one 
station, and. on a distance arc from the other one. With the transfer 
distance of' the ship known, the Ship can be placed within a veey 11111&11 
error of' the desired position. 

A sounding line was run along the bisector Of' the base line be
tween the two atatione on the 5th of' October. 'l'he line started on the 
base line about 9 mile a from RAllf, c OIU'se 98° true. 'l'he transfer dis• 
tance was assumed to be 0.120 lllilesA and the turn started at a point 
near the center of' the base (~1.3o3) - 0.120 = 20.562. 

2 
The turn was a li tUe wide, and the ef'f'ect of the current not auff'i .. 
ciently allowed f'or, ao the first four or f'iTe positions were not ·on 
·the line. However, since the sum of' the two distances on the first 
position abould nearly equal the length of' the base as this position 
waa only 0.10 mile off' the base, the position was well established, and 
a suitable cour8e change made. As plotting is difficult near the base 
line, positions cannot be plotted at once, ~t after abott 10 minutes• 
run,- the are intersection becomes good enough to plot quite easily, 
and then it is easy to bac&-oplot the other positions. (In general, 
this process was not successful in R.A.R., f'or seldom did the sum die
tances on the base line check that length& They were too long or too 
abort by an appreciable amo1lllt, vaeying from day to ~.) SHORAll 
positions taken at unif'omm time interval• assist materially in the 
areas of very large or small angle of' aro intersections. 

For the greater part of' the work done in these teats, the aro 
intersection varied from about 85° minim= to the southward of' each 
Ground Station to about 120° maximlllll in :the central portion of the 
area covered • not including the portion ver.r near the base line. AI 
brought out in another place, good f'ixea are obtainable where the ~ro 
intersection angle lay between sao and l60o. As a general thing, thh 
ideal ia quite easily attained, except in the cases where the area to 

. be covered crosses the base line between the two stations. 

In rnnn1ng the line between the two Ground Stations, it waa ob-. 
served that the StUll distances varied somewhat about a mean value, the 
variation not being too well defined. It must be remembered that there 
is no perfect piece Of' equipment, and that a small error in the lin
earity of the Goaiometers will cause variations in meaaured·distances 



&l 

~, 

JIGUU 28 

UNDER SHO!Wr co: 
:Base Lllltl 
Range fHOR 
Range :aJN 
.AU.A. 
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dependinB upon the particular portion of the Goniometer coming into 
uae at that time. A 4.0 error in linearit;r will cause an error in 
distance of about O.QlO mile. It 1a quite ponible that the struct
ural inaocuraoies of the Goniometer& ma;r be as large as 2 degrees. 
This can be cheeked only by laboratory devised mathoda, and is not 
easil;r dona in the field. 

SELECTION 2!, SI!l~S ~ ..:;GR;;;.OOliD=:;. S'l'A.TIONS. 

The location of the Ground Stations ia of great import.Bce where 
adequate control for Hydrographic Surveys is conce~ed. Sites should 
be selected which willa 

1• afford an unobstructed ttview" of the entire area to be covered; 
2- be, if ponible, within radio line-of•sight ot each other for 

this will permit frequent checks on the over-all operational 
accurao;n 

3- be accessible without undue diftioult;r in any weather; and 
4- afford a means of extending the control beyond that alre&d;r 

existing. 

!he greater the elevation of the site selected, the greater will 
be the range; but the economy of establishing a station at greater 
elevations than 500 feet is doubtful,. when it is considered that the 
gain in distance is relatively small, and that the labor involved is 
much greater. With the useful range of 45 to 50 miles which is proven 
possible with elevations of about 300 feet, it appears that this ele
vation, or possibly 500 feet, might be the economical practical marl• 
mum elevation at which to establish a Station. It will be necessary 
to service a Ground Station sometimes when the weather is bad, and ao, 
good access to the station is imperative. A site o:t: suitable elevation, 
difficult to build on, which is easily accessible in moat any weather 
will prove mora useful than one where building is easy, but accassi• 
bility poor. 

The blat control of a given area where it is desired to go as-far 
ott-shore as possible, will be found where the Ground Stations are 
roughly 7/10 the range of the equipment& apart. This is illustrated 
in the Sketch in Fig. 28, which usee the poeStione of SHOR and aur 
aa 1~ the teats. Here the dietance is about 41 miles - about B/10 
of the r&ll8e• It can be seen that the coverage (by adequate control) 
ia some 25 miles directly south of each Station, but that this area 
ia limited b;r the range of the equipmenta. This coverage would be 
suitable where only two stations can be uaed - or where it is neceaaary 
to cover as much area as possible with the fewest stations. 

In the Sketch in Fig. 29, the same over-all ranges are used, 
but Station SHOR has been assumed to be moved to position Of Station 
:nz, with a baee line of about 32 miles, about 7/10 the range; Here, 
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it ia seen - shown by the red shading - that the area coYered is apprec
iably larger, this difference being about 150 square miles. The area 
does hot extend much further ott shore, but does extend over a longer 
shore-line. Stations at intervals of about 35 to 40 miles will probably 
give the moat economical and adeqaate control. Of course, the actual 
"lay of the land" will dete~i.ne the selection of the Stations sites, 
but the lengths of bases sh~ld be kept .near these limits if possible. 

KODilliCATI<JrS '1'0 PRESENT DiSTALLATIONS. 

There is only one mOdification to the present installation 1.n 
this Ship required at this tLme to make a more nearly perfectly opera
ting equipment. The ship a.nte.D.Da system will have to be redsed to 
assure beat results on all headings of the ship. Considering that the 
present installation of the a.nteJma baae was aCimewhat make-shift, the 
results were very good. Material was not available at the time ot 
installation to give sufficient spread between the transmitting and 
receiving dipoles; and the various appurtenances of the mast and BADAR 
acted as shields between the particular dipole and the Ground Station, 
thus cutting ott all signals on certain headings. Thia erteot na 
particularly .noticeable on a north or s ou.th heading in the area to the 
southnrd of Station BAll, where the diata.nces fr011 SHCil were of the 
order ot 40 miles. ~is will aooount for the taot that the courses 
were shaped so as to obtain ligaals from both stations 1n this areaa 
that is, the course desired was 180° true, but it was necessary to steer 
190° tNe to get a fix. Similarly inste&d of steering 000°, it •• 
.necessary to set the course as 350& or 030° true. This 40° account• 
tor the coverage by the mast stays and the lUDAR oage. An out-rigger 
type of antenna support has been devieed which will perm! t swinging the 
antellD& so as to clear these obstruction~~ reg.rdless of the heading t:tle 
ship IIJAY be on. 

The ground Station installatiana are very satisfactory. While the 
antenna mast showed itself well designed and st~ed, there ns eaae 
oause for uneasiness during the heavy wiDds which often occur in this 
area. A maximum wind velocity of about 65 miles per hour ns felt 
several times (at SHOR). It is considered adTieable to make an addit
ionAl set of top-stays, with a gree.ter spre&d at the base, si.nce there 
18 a weight of about 90 pounds concentrated in the antenna base and 
reflector• - at the mast head. !ne present stays are anchored at a 
distance of 20 feet from the base; the addi tio.tlllol. set should have a 
epread of 30 to 35 feet to give greater stability to the mast. 

DISMANTLING THE GRcmtD STATIOliS. ------ • 
'!he Gr~d Stations were dismantled immediately on the ccm.clu.aiCIIl 

of the field tests. Station RAi was dismantled during a he&T.J sale 
&nd a dr1Tin8 rain, 1n about 5 hours total time, including tr&ll8porting 
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the equipment to the Ship. 
to lower the mast, but this 
out incident. 

The strong wind made it a little difficult 
was aoccmplished between gusts, and with-

Good weather prevailed during the dismantling of Station SHOR, 
and the entire work was accomplished in about eight hours. The longer 
time was required by the necessity of transporting equipment to the 
beach, thence by boat, to the Ship. 

THE PlOTTING SHEET. 

The survey conducted with SHORAN control was plotted on a standard sized-
4211 x 7211 - boat sheet on a scale of 1:40,000. Only the two Ground 
Sattions SHOR and RAN were plotted on the sheet. Circular arcs of dis
tance were scribe~ from each station, the interval between arcs being 
two (2) miles - 3218.70 meters. 

For detailed hydrographic surveys, this scale is large enough for 
the ususal close developement desired. The area covered by a sheet of 
this size is about 45 miles in length and about 32 miles in width. In 
order to use SHORAN control to its limit, the off-shore surveys can be 
accomplished on a smailer scale- 1:80,000. 

The boat sheet should be laid out so that the Ground Stations will 
be close to one of the sides of the sheet. As soon as the Stations are 
plotted, the distance arcs should be drawn in in appropriate colore, to 
cover the entire area. The practical spacing of these arcs will be 2 
miles in. most cases, but other a 'pacing can· be used. These arcs should 
be drawn in as soon as possible after the Stations have been plotted 
so that any distortion developing in the paper will be compensated for 
~ile the sheet is being prepared. 

Large scale sections of plotting sheets can be prepared and scrib
ed with appropriate distance arcs without the necessity of having the 
stations on the sheet in a manner similar to that used for far- off
shore sheets for three-point fixes. The difference is that the arcs 
represent constant distances from the Stations on the one sheet, ~ile 
they are arcs of constant angle between two stations on the other. 

The ODESSEY Protractor is the most convenient •tool" to use in _ 
plotting the SHORAN fix. This Protractor is made of a piece of trans
parent plastic about 1/1611 .thick, and about 911 square for a lt40,000 
scale, and about 611 square for a ltSO,OOO scale. Circles of 1-mile 
and 2-mile radius are scribed in heavy lines on the plaetic from a 
common center. The epaces between these circles are then subdivided 
into tenths (0.1) miles with lighter lines. A mnall hole to accomo
date a needle point is then drilled at the center. 

Thus, the interval& bet1'1een the 2-mile arcs on the sheet can be 
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subdivided directly into 0.1 miles, and by est:i.:nation, into 0.001 
miles, by a process of selecting the desired division, placing that 
interval on the protractor tangent to the appropriate circular arc 
on the sheet, and priCking through the Protractor center. A pair 
of distances from the two Ground Stations can be plotted almost si
multaneously with a little experience. 

SUMMARY. 

SHORAN is an ideal system for the control of hydrographic sur
veys. Same of its advantages maybe summarized briefly as follows: 

I--- The potential accuracy of this system is such that any 
distance can be measured with a probable error less than 5 meters, 
regardless of the length of the line. Positions as determined by 
the intersections of two simultaneous distance arcs will have an ac
curacy better than 15 meters in the area where the angle of intersec
tion is greater than 30° and less than 150°. SHORAN Ground Stations 
can be located accurately by triangulation. Two or three such Sta
tions will control a large area, and the survey will be completely 
homogeneous within itself. 

The accuracy of the three-point fix obtained by sextant angles 
is dependent upon the relative size of the angles and the distance 
from the signals. Assuming the possibility of only 01' error in 
an angle (or both angles), the position error will be about 10 meters 
at ten miles when both angles are near 30°~ and it will be about 25 
miles at a. distance of 20 miles with silnila.r angles. This error be
comes less as the angles are lar8er: an error of about 4 meters will 
exist when the angles become 120 and the distance about 12 miles. 
Smaller angles than 30° are ofter necessary in survey work only 10 
miles off-shore. Further, another great source of error in the three
point fix is the indefiniteness of the signals, and the difficulty 
of seeing them as the distance is increased. 

The range of the system is such as to permit very accurate s~
veys in areas as far off-shore as 40 to 50 miles depending upon the 
selection of the sites for the Ground Stations. With three StJltions 
more or less on a. straight line, and separated by 35 to 40 miles, 
the area. under good control will be about 100 miles in length along 
the axis (base lines) and at least 45 miles in width on one side of 
the base. If the Ground Stations are strategically located, this 
area. may extend about 45 miles on each side of the axis. 

The rapidity at which SHORAN fixes can be obtained and plotted 
practically precludes the use of other methods ot control. A SHORAN 
fix can be obtained and plotted within 15 seconds, and fixes can be ,. 

70 



71 

taken at intervals as small as 30 seconds without difficulty. In 
contrast, a sextant fix requites about 15 or 20 seconds to call out 
and have the angles recorded; almost the same time to lay them off 
on the protractor; then, a varying time up to 30 seconds to plot the 
fix. 

Withxhis possibiiity of frequent fixes, the areas Where the 
fixes are indeterminate (arc intersection angles greater than about 
150°, near the base line) can be accurately controlled if the time 
interval between the fixes is held constant. · 

The availability of the SHORAN fix at any instant permits the 
close development of any critical areas as far off shore as the range 
of the equipment with an accuracy greater than any method now in use. 

II--- The velocity of radio waves through free space is almost 
constant under any conditions likely to be met with in hydrographic 
surveys. Thus, the sum of' the two SHORAN distances measured ON the 
base line will always equal the length or the base; therefore, this 
system can be used as a means of extending control in advanc~ of tri
angulation- or to supplement triangulation by measuring long lines. 

This constancy of the velocity of radio waves precludes the ne
cessity of' laborious computations -of corrections which are necessary 
with the R. A. R. method or control, in which the characteristics 
of' the water- salinity, temperature, depth, and so on, effect mater
ially the velocity of the sound wave through it. Further, for the 
short distances used, the radio wave can be considered as without any 
reflections whatsoever. This certainly cannot be said of the sound 
wave in water. 

The effectiveness of the equipment is not at all impaired by 
weather conditions. It will operate as efficiently in rain or fog 
or darkness as it \l'ill in fine weather.. The .effects of static are 
negligible, if' noticeable. ·Man-made static or interference has no 
detrimental effects on the operation of the system. 

III-- A Ground Station equipment may be installed in a ship, 
and that ship act as a. Station. This would be advantageous ·in car
rfing control into an area. where the land control has been reduced 
to one Station, as, for example, at Cape Wrangell on the western and 
or Attu Island. 

IV-- The selection of suitable Ground Station sites is of 
greatest. importance to the effectiveness of' the operation of the sys
tem.· The time required to install the Ground Station is relatively 
long, and will depend largely upon the elevation of the station and 
the transportation available. Extra time spent in the original in
stallation will be worth while in the long run, for the station MtJST 
operata satisfactorily, and will probably be in use for several months. 
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. Equipment 
name 

Transmitter 
T-11/APN-3 

Indicator 
ID-17/APN-3 

Transmitter 
T-12/CPN-2 

Monitor 
ID-17/CPN-2 

Antennas and 
Transmission 
Lines 

Antenna Base 

Ref'1e ctors 

Mast 

J..!ast Accessories 

Power Units 
PU-4/CPN-2 

Power unit 
. Accessories 

TABLE OF 

Height Width 
inches inches 

·.· 20 1/2 19 3/4 

14 l/2 17 5/8 

40 l/2 25 l/4 

21 1/2 25 l/4 

21 l/2 25 1/4 

8 150 

36 50 

8 144 

17 35 

'-

SIZES AND WEIGHTS 

Depth Weight Remarks 
inches pounds 

22 1/2 \ 106 

Receiver 
24 l/4 77 R-15/APN-3 

included in 
Indicator 

20 209 

20 98 Receiver 
R-15/APN-3 
included in 
Monitor 

20 60 

20 60 

4 20 Mast telescopes 
into 2 sections 

90 with 1/2 boom 
in each section 

255 

21 140 2 Un1 ts per set 

64 2 units per set 
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A GOOD lmt is necessary to house the equipment a.nd as quarters for 
the personnel required to man the Station. 

The Station personnel must be adequate to operate the station 
under the longest continuous periods considered. This personnel 
should consist of the follawinga 

A Junior Radio Technician, in Charge, and 
Three or four Seamen. 

One of the Seames should be a man interested in radio so that he can 
assist the Technician and relieve himJ one Seaman should~ versed in 
the operation of a 2-cycle gasoline ·engine, for the heart of the Ground 
Station is this engine which drives the generator. The fourth man 
can take care of the general camp requirements. 

v-- The use of SHORAN will permit the best utilization of wea
ther in combined operations. Weather that is most suitable for tri
angulation van be used for that work; topography and launch hydro
graphy can be prosecuted at this time under the most favorable con
ditions. During periods ·of fog or rain, off-shore shi~ hydrography 
with SHORAN control can be prosecuted to advantage. This will thus 
Obviate the necessity of using good triangulation and inshore work 
weather for surveying in areas which would formerly require the 
same good weather for the visual fixes. 

VI-- There are certain routine observations which must be made 
to insure proper operation of the SHORAN equipmenta 

A- In the Ship Equipment 1 

a- Make and record frequent ZERO CHECKS so that the 
shift in the ZERO SET ca.n be known at all times; 

b- Make a CAL ADJUST at least once an hour; . 

c- Check Transmitter frequencies at least once a week. 

B- In the Ground Station Equipment: 

~ Make routine operational checks at least once 
an hour; 

b- Operate equipment on Monitor-operate position 
for period to coincide with A-b above; 

c- Keep Ship informed of changes in ZERO ADJ settings. 



·. 

c- All equipment- both Ship and Ground Station- must be 
operated a short p eriod daily to insure that it is 
in good cond.i tion and to minimize delays. 

VII-- Certain oasualties are inevitable. Equipment will be 
rendered useless by .faulty elements, short circuits, burned-out 
vaouum tubes, and so on. To guard against delays of this sort, ea.oh 
piece of equipment should be in duplicate so that a minimum o£ time 
will be required to put a station back on the air if one set has 
tailed. It will not always be possible to land at a Station to make 
hurry-up repairs: the stand-by equipment will reduoe loss o£ survey 
time to a minimum. Further, the actual length or time over which a 
specific equipment will operate continuously is not well known. Per
iods o£ 9 hours have been sucoessi\tlJ and it is possible that longer 
than this is practical. However, with two equipments, it will be 
possible to alternate equipments in a manner similar to the generator 
units . 

Approved: 

~}?~ 
Roland D. Horne 
Commander, USC &: GS 
Commanding Ship EXPLORER. 

Respeot.fully submitted 

J)...l..~.c..c.-.:~~~/ 
C arenoe A. Burmister 
Li tenant Commander 

USC&GS 
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PMOD 
PMT 
PSC 
PSP 
p3 

QBO 
RITS 
RSD 
SAGA 
SAGE 
SASP 
SBUV 
scs 
SEAREX 
SEASPAN 
SERI 
SEY 
SIO 
SMO 
SOl 
SOLRAD 
SPO 
SRF 
SRM 
SSL 
SST 
TECO 
TEM 
TOGA 
TOMS 
TSI 
TSL 
TSP 
UCI 
UPS 
URAS 
URI 
USDA 
USGS 
UT 
uv 
UVB 
WHO! 
WOCE 
WMO 
WPL 

Physikalisch-Meteorologisches Observatorium Davos (World Radiation Center) 
photomultipier tube 
Polar stratospheric cloud 
precision sunphotometer 
Portable Pressurizer Pack (air sampler) 
quasi-biennial oscillation 
Radiatively Important Trace Species 
residual standard deviation 
Soviet-American Gas and Aerosol Experiment 
Stratospheric Aerosol and Gas Experiment 
Surface Air Sampling Program 
solar backscattered ultraviolet (satellite ozone instrument) 
Soil Conservation Service, Anchorage, Alaska 
Sea-Air Exchange Experiment 
SEAREX South Pacific Aerosol Network 
Solar Energy Research Institute 
Mahe Island, Seychelles 
Scripps Institution of Oceanography 
Samoa Observatory, American Samoa (CMDL) 
Southern Oscillation Index 
Solar Radiation 
South Pole Observatory, Antarctica (CMDL) 
spectral response function 
standard reference material 
slightly stable layer 
sea-surface temperature 
Thermal Electron Company 
transmission electron microscope 
Tropical Ocean Global Atmosphere 
Total Ozone Mapping Spectrometer 
Thermo Systems Incorporated 
Technical Se('\(ices Laboratory 
total suspended particulate 
University of California, Irvine 
uninteruptable power supply 
[a commercial C02 analyzer] 
University of Rhode Island 
United States Department of Agriculture 
United States Geological Survey 
universal time 
ultraviolet 
ultraviolet B spectral band 
Woods Hole Oceanographic InSlitute 
World Ocean Circulation Experiment 
World Meteorological Organization 
Wave Propagation Laboratory, Boulder, Colorado (ERL) 

*U.S. GOVERNMENT PRINTING OFFICE: 1993-774-025/69048 
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TABLE A CCMPUTATION OF STATION ERROR FOR STATION "SHOR" 
ZERO SET 99.802 11 September 1945 

POSITION SHORAN DISTANCE SCALED POSITION SHORAN DISTA.NJE SCALED 
Statute Meters Meters Statute Meters Meters 
Miles (3) ( 4) (4 - 3) Miles (3) (4) (4 - 3) 

1 30.523 49122 49169 ;. 47 26 17.866 28753 28708 -4.5 
2 28.716 46214 46217 + 3 27 16.652 26799 26772 - 2'7 
3 27.144 43684 43634 - 50 28 15.550 25025 25052 + 27 
4 26,175 42125 42128 + 3 29 1.4.402 23179 23132 - 47 
5 25.543 41108 40985 - 23 30 12.972 20876 20848 - 28 

6 24.640 39654 39668 + 14 31. 1.2. 781 20569 20608 + 39 
? 23.749 38293 38224 - 69 32 12.866 20706 20716 ;. 10 
8 23.023 37052 37068 + 16 33 13.046 20996 21028 + 32 
9 22.250 35808 35826 + 18 34. 13.352 21468 21496 i- 8 

10 21.562 34701 34708 + 7 35 13.738 22104 2211.6 +12 

11 20.909 33650 33640 - 10 36 14.255 22941 22944 r 3 
12 20.276 32631 32640 + 9 37 14.742 23725 23744 + 19 
13 19.6?2 31659 31704 +45 38 15.334 24678 24704 + 26 
14 19.136 30796 30844 +48 3~ 16.128 25956 25948 - 8 
15 18 .545 29845 29860 + 15 4D 16.746 26950 26988 + 38 

16 18.144 29200 29216 + 16 4l 17.466 28109 28112 + 3 
1.7 17.782 28617 28626 + 11 42 18.286 29429 29488 + 59 
18 17.489 28146 28132 ... 14 43 19.155 30827 30912 + 85 . 
19 17 .. 322 27893 27904 + 11 44 20.060 32283 32320 + 37 
20 18.160 29226 29248 + 18 45 21.006 33896 33800 - 6 

21 18.916 30443 30456 + 13 46 21.946 35318 35320 + 2 
22 20.096 32298 32344 +46 47 22.912 36873 36896 + 23 
23 21.326 34321 32320 - 1 48 23.914 38486 38496 + 10 
24 20.192 32496 32440 -56 49 25.108 40408 40424 + 16 
25 19.012 30597 30544 - 53 50 25.960 41.779 41800 + 21 

~ 
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TABLE A (Concluded) 

POSri'ION SHORAN DISTANCE roALED 
Statute Meters Meters 
Miles (3) (4} 

51 27.128 43658 43700 
52 28.360 4564l 45680 
53 29.559 47571 47600 
54 31.018 49919 49960 
55 32.000 51499 51508 

5&. 33.200 53430 53448 

Mean Di:ft'erence in Meters 
Mean Difference in 
Statute Miles • • • • • • . •· 

(4 - 3) 

+ 42 
+39 
+ 29 
+41 
+ 9 

+ 18 

+ 10 

+0.006 

Therefore the SERO SET should be at 

99.802 
+ .ooo 

New ZERO SET 99.808 



TABLE B CCMPUTATICN OF STATION ERROR FOR STATION "SHOR" 
ZERO SET 99.008 14 September 1945 

POSITION SHORAN DISTANCE SCALED POSITION ffi:ORAN DISTANCE SCALED 
Statute Mete-:re. Metsra Sta. tute Meters Matera 
Miles ( 3) ( 4) (4 - 3) Mil.ea (3) ( 4} {4 - 3) 

~ 35.996 59540 59552 + 12 26 22.501 36212 36200 -12 
2 37.224 59906 59920 + 14 27 21.275 34239 34232 - 7 
3 37.460 60286 60296 + 10 28 19.947 32102 32064 -38 
4 38.178 61442 61456 + 14 29 18.798 30250 30240 - 10 
5 38.481 61930 61935 + 6 30 17.719 2851~ 28496 -20 

6 38.737 62342 6232S - 14. 31.. 16.520 26587 26576 - 11 
7 39.781 54022 64024 + 2 32 15.349 24702 24696 - 6 
8 40.245 64768 64782 + 14 33 14.065 22636 22640' + 4 
9 40.473 65135 65104 - 31 M 12.983 20894 20904 + 10 

10 -t:0.748 65578 65560 - 18 ~ 11.896 19143 19136 - 7 

ll X 

l2 38.457 61891 61920 + 2g 
13 37.369 a<ll40 60144 + 4 
14 36.308 5843"2 58440 + 8 
:t,5. 35.137 56548 56776 (+228)** 

~6 3:5.437 53812 53744 - 68 
17 32.760 52722 52696 - 26 
18 31.885 513~4 512~· - ~0 
19 30.774 49526 49480 -46 
20 29.995 48272 48200 - 72 

21 29.389 47298 47360 + 62 
22 29.079 46799 46840 +41 
23 29.497 47471 47456 - 15 
24 X 

25 25.480 41006 40962 -44 

-1 
00 
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TABLE I COMPUTATION OF SHORAN CORREC1riON FACTORS 
Line (a) 29 September 1945 

POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUTE MILES POSITION DISTANCE STA.Tt1r:E MILES 
AND TIME SHOR RAN SUM AND TIME SHOR RAN SUM AND TIME SHOR RAN SUM 

1 0629 35.422 05.939 41..361 34 0908 26.945 14.418 41.363 63 0937 20.685 20.690 41.375 
2 0830 35.201 01.152 41.354 35 0909 26.741 14.627 41.358 64 0938 20.455 20.912 41.367 
3 0831 34.975 06.381 41.356 36 0910 26.522 14.846 41.368 65 0939 20.242 21.124 41.366 
4 0832 34.763 06.604 41.3~ 37 0911 26.302 1.5.055 41.357 66 0940 20.018 21.344 41.362 
5 0833 34.539 06.826 41.365 38 0912 26.084 15.276 41.360 67 0941 19.805 21.560 41.365 

10 0844 32.115 09.246 41.361 39 0913 25.868 15.493 41.361 68 0942 19.583 21.783 41.366 
11 0845 31.897 09.458 41.365 40 0914: 25.652 15.710 41.362 69 0943 19.364 21.695 41.359 
12 0846 31.641 09.724 41.365 4.1 0915 25.442 15.923 41~367 70 0944 19.147 22.215 41.362 
13 0847 31.447 09.915 41.362 42 0916 25.232 16.137 41.369 '71 0945 18.925 22.440 41.365 
14 0848 31.228 10.133 41.:361 43 0917 25.007 16.355 41.362 72 0946 18.708 22.660 41..364 
15 0849 31.012 10.352 41.364 44 0918 24.792 16.573 41.365 73 094'1 18.486 22.879 41.365 
16 0850 30.806 10.566 41..372 45 0919 24.575 16.789 41.364 74 0948 18.267 23.091 41.358 
17 0851 30.581 10.788 41.369 46 0920 24.355 17.002 41.367 . 75 0949 18.047 23.317 41.364. 
18 0852 30.256 11.015 41.371 47 0921 24.149 17.217 41.366 76 0950 17.835 23.532 41.367 
19 0853 30.151 11.219 41.370 48 0922 23.935 17.432 41.~67 77 0951 17,615 23.752 41.367 
20 0854 29.933 11.436 41.369 49 0923 2:3.718 17.650 41.368 78 0952 17.387 23.979 41.366 
21 0855 29.'719 11.651 41.370 50 0924 23.5o5 17.865 41.370 79 0953 17.177 24.189 41.366 
22 0855 29.501 11.867 41.368 51 0925 23 .. 285 18.079 41.364 80 0954 16.958 24.405 41.363 
23 0859 29.286 12.076 41.362 52 0926 23.054 18.306 41.360 81 0955 ~6.755 24.610 41.365 
24 0858 29.076 12.292 41.368 53 0927 22.844 18.527 41.371 82 0955 15.532 24.835 41.367 
25 0858 28.871 12.500 41.371 54 0928 22.529 18.739 41.367 83 0957 16.320 25.041. 41.361 
26 0900 28.658 12.712 41.370 55 0929 22.421 18.934 41.355 84 0958 16.102 25.259 41.361. 
27 0901 28.435 12.933 41.368 55 0930 22.205 19.155 41.361. 85 0959 15.891 25.472 41.363 
28 0902 28.228 13.138 41.366 57 0931 21.990 19.371 41.351 86 1000 15.675 25.694 41.369 
29 0903 2f:!.006 13.358 41.364 58 0932 21.780 19.586 41.366 87 1001 15.463 25.902 41.365 
30 0904 27.804 13.567 41.371 59 0933 21.555 19.806 41.361. 88 1002 15.251. 26.lll 41.362 
31 0905 27.585 13.788 41.373 60 0934 21.341 20.020 41.361 89 1003 15.035 26.328 41.363 
32 0906 27.378 13.988 41.366 61 0935 21.120 20.243 41.363 90 1004 14.821 26.546 41.367 
33 0907 27.165 14.205 41.370 62 0936 20.905 20.462 41.367 91 1005 14.606 26.761 41.367 



'~"ABLE I (Continued) 

POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUrE MILES 
AND TIME SHOR RAN SUM AND TIME SHOR RAN SUM AND TIME SHOR RAN SUM 

92 1006 ~4.386 26.976 a.362 123 1040 20.8ll 21.552 41.363 153 llll 27.377 13.987 41.364 
93 1007 ~4.151 2'7.2~ 41..363 124 1043 20.538 20.822 41.360 154 ~ 27 .6J.7 13.748 41.365 
94 1008 13.952 27.411 41.363 125 1044: 20.7?9 20.581 41.360 155 lll3 27.857 l3.5ll 41.368 
95 1009 13.74:9 27.619 41.366 126 1045 21.015 20.346 41.361 156 lll4 28.080 13.282 41.362 
96 1010 13.54:1 27.836 41.376 127 1046 21.659 20.098 41.357 157 lll5 28.317 13.041 41.358 
97 lOll 13.321 28.044 41.365 128 1047 21.507 19.856 ·41.363 158 lll6 28.563 12.801 41.364 
98 1015 13.6.95 27 .t>'12 4:1.367 130 1048 21.759 19.613 41.372 l5g lll7 28.800 12.563 41.363 
99 1016 ~3.937 27.426 41.363 ~31 1049 21.987 1.9.371 41.358 160 lll8 29.026 12.331 41.357 

100 1017 14.195 27.~70 41.365 132 1050 22.225 19.132 41.357 161. lll9 29.264 12.093 41.357 
101 1018 14 .. 445 2&.920 4:1.365 133 1051 22.477 18.886 41.363 162 ~0 29.506 ll.858 41.364 
102 1019 14.686 16.675 41.362 134 1052 22.'Zl7 18.646 41.363 163 1121 29.891 11.475 41.364 
103 1020 14.933 25.427 41.350 135 1053 22.952 18.398 41.360 154 1122 29.996 11.369 41.365 
104 1021 15.183 26.175 41.359 136 1054 23.202 18.151 41.363 165 1123 30.226 11.138 41.364 
105 1022 15.432 215.933 41.365 137 1055 23.452 17.914 41.364: 166 1124 30.466 10 .. 908 41.374 
106 1023 15.675 25.689 41.364 138 1056 23.697 17.66.5 41.562 167 ll25 30.698 10.666 41.364 
107 1024 15.922 25.4il 41.363 139 1057 23.927 17.-l34 41.361 168 1126 30.944 10.420 41.364 
108 1025 15.167 25.196 41.353 140 1058 24.242 17.120 41.362 169 ll27 31.182 1.0.1.81. 41..363 
1.09 1.026 16.4:10 24.949 41.359 141 1059 24.422 16.945 41.365 170 ll28 31.431 09.934 41.355 
llO 1.027 1.6.558 24.706 41..364 -142 llOO 24.658 16.702 41.360 171 1129 31.681 09.681 41.362 
lll 1028 16.903 24..460 41.353 143 llOl 24.916 16.446 41.362 172 1130 31.916 09.444 41.362 
112 1029 17.137 '24.225 41.362 144 ll02 25.157 16..202 41.359 173 1131 I 32.163 09.199 41.36.2 
113 1030 17.386 23.976 41.362 145 ll03' 25.409 15.955 41..364 174 1132 32.396 08.967 41.363 
ll4 1031 17.634 23.731 41.3~ 146 ll04 25.642 15.722 4l.354 175 1133 32.651 08.719 41.370 
115 1032 17.A98 23.461 41.369 147 1105 25.893 15.467 41.:360 176 ll34 32.866 08.497 41.363 
ll6 1033 18.ll5 23.246 41.361 148 ll06 26..142 15.222 41.364 177 1135 33.119 08.243 41.362 
ll7 1034 18.350 23.002 41.357 149 ll07 26.380 14.~87 41.367 178 1136 33.370 07.994 41.364 
118 1035 18.614 22.749 41.~3 150 1108 26.6:32 14.732 41.:364 179 1137 33.616 07.749 41.365 
ll9 1036 18.840 22.723 41.363 1ol ll09 26.875 14.487 41.363 180 ll36 33.835 07.531 41.366 
. .," 1.0:37 152 lllO 27.122 14.243 41.305 181 1139 34.063 ()'7 - 90!) ,., ozo;:::o;::: 

00 
0 
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TABLE I ~(Concluded) 

POOITION DISTANCE S'l'AmrE MILES 
AND TIME SHOR RAN · SUM 

182 ll40 
183 1~41 

184 ll42 
185 ll43 

34.300 07.061 41.351 
34.525 06.840 41.365 
34.768 06.594 41.362 
34.982 06.378 41.360 

MEAN OF 1 '17 OBSERVATIONS • • • 

IN STATUTE MILES • • • • 41.364 

Fixes by sextant were taken at in
tervale of about five minutes si
multaneously with the SHORAN fix. 
The scaled values were taken and 
compared with the appropriate SHO
RAN distance to make a computation 
of the station 'error' or correc-
tion factor . See TABLE II. 
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POOITION 
and 
STATION 

9 SHOR 
RAN 

ll SHOR 
BAN 

16 SHOR 
RAN 

21 SEIOR 
RAN 

26 SfiOR 
RAN 

31 SHOR 
RAN 

35 SHOR 

3~ SHOR 

.0 SHOR 

.fJ. SB:OR 

42 SHOR 

TABLE 

SB:ORAN DISTANCES SCALED 
Statute Mile:a Me tars Meters 
READ COR'D (4) (5} 

33.158 33.158 53365 53328 
08.225 08.2Z5 13237 13305 

32.54'7 32.64'1 52540 52544 
08.725 08.725 14042 14088 

:31.398 31.397 50529 50652 
09.972 09.9'12 16048 16072 

30.218 30.217 4.8&:30 48524 
11.175 11.175 17984 18000 

29.032 291031 46721 45524 
12.352 12.352 1987g 20000 

26.662 26.551 42907 42904 
xz 

25.460 25.459 40972 409~ 

24.274 24.272 39062 39080 

23.814 23.8~ 38322 38296 

23.696 23.693 381.30 38128 

23.635 23.63Z 38034 38032 

I-A C<MPIJrATION OF STATION ERROR FROM TABLE I DATA. 
ZERO ~T 99.806 29 September 1945 

DIFFl!."'RENCE POSrriON SHORAN DISTANCES SCALED DIFl!'ERENCES 
SHOR BAN aDd Sta tut.e Milas MaC; era Meters SHOR RAN 

(5-4} S'll\.TION READ COR'D (4) (5) (5-4) 

-25 43 SHOR 23.615 23.613 38002 38000 - 2 
+ 69 

44. SHOR 23.398 23.396 37552 37784 {-132) 
- 4 

+45 45 SHOR 23.398 23.395 37651 37664 + 13 

+23 46 SHOR 23.450 23.447 37739 3'7736 - 3 
-24 

47 SHOR 23.538 23.535 3'7881 37824 .,. 57 
... 6 + 11 

+ 15 50 SHOR 25.448 25.445 40950 40976 + 25 

(+ 97} 54 SHOR 26.505 26.502 42812 42834 + 22 
(tll4) RAN 14:.776 14.777 23781 23792 +ll 

- 3 59 SHOR 2'1.790 27 .'186 44717 447~ + 27 
lU.N 13.600 1.3.601 21889 21880 - g 

- 14 54 SHOR 28.950 28.946 46584 46568 -16 
RAN 12.427 12.428 20001 20064 + 63 

+18 
69 SHOR 30.120 30.116 48467 484.80 + 13 

- 26 RAN 11.259 ll.250 18121 181'" ' + 23 

- 2 74 SHOR 31.287 31.283 50345 50452 + 11 
RAN 10.086 10.087 16234 16272 + 38 

- 2 



gs 

TABLE I-A {ooneluded) 

POOITION &lORAN DISTANCES SCALED DIFFERENCE 
and Stat.ute Miles Meters Meters SHOR RAN 
STATION READ c·OR 'D { 4) ( 5) {5-4) 

79 SHOR 32.445 32.-lQ 52209 52224. + lJ5 
RAN 08.930 06.932 1437~ 14400 + 25 

84. SHOR 33.570 33.566 54032 54032 
RAN 07.808 07.810 12569 ,l2~92 

0 

ag SHOR 34.635 34.630 55732 55744 + 12 

+ 23 

RAN 05.739 06.74.1 10848 10888 + 40 

91 SHOR 35.050 35.055 56432 56480 + 48 
RA& 06.316 06.318 10168 10160 - 8 

MEAN DIFE'mENOES IN ME'J.EBS 

MEAN DLE'FERENCES IN 
STATUTE MILES •••• . . . . .. . . 

+ 3.1 
+ 22.2 

+ 0.002 
+ 0.014 



TABLE II COMPUTATION OF SHORAN CORRECTION FACTORS 
Line (b) 30 September 19 45 

POSITION :EORAN DISTANCES S:::AI.ED Dll!'F.ERENCE POSITION S!ORAN DIS'l'.ANCES SCALED DIFFERENCE 
and Statute Miles Meters Meters SROR RAN aDd Statute Miles Meters Met.ers SHOR RAN 
BrATIOO" REID COR'D (4) (5) {5 - 4) STATION READ COR•D {4) (5) (5 - 4) 

3 SHOR 34.767 34.764 55947 56222 ( +275) 57 SHOR 21.990 21.990 35390 35379 -ll 
RAN 0~.591 06.604 10628 10354: ( -273) RAN 19.362 19.371 31175 31221 +4-i 

12 SHOR 31.640 31.641 50921 51102 (+181} 62 SHOR 00t.905 20.905 33643 33620 -23 
RAN 09.714 09.724 15649 15482 (-167) RAN 20.454 20.462 32931 32980 + 49 

17 SHOR 30.580 30.581 49216 49998 - 18 67 SHOR 19.805 19.805 31873 31.829 -« 
RAN 10.7'18 10.?88 17361 17410 + 49 RAN 21.552 21.56.0 34698 34771 +73 

22 SHOR 29.500 29.501 47477 47465 - 22 72 SHOR 18.703 18.70-l 30101 30102 - 1 
RAN 11.857 ll.867 19098 19145 +4.5 RAN 22.653 22.660 36468 36498 +3:> 

27 SHOR 28.434 28.435 45762 45719 - 43 77 SHOR 17.614: 1'1.615 28349 26383 ( ++34) 
RAN 12.923 19.933 2081.4 20881 + 67 RAN 23.715 23.752 38225 38217 - 8 

32 SHOR 27.376 27.378 44061 44064 + 3 62 SHOR 16.531 16.532 26606 26648 +42 - 16 
RAN 13.978 13.988 22512 22536 +24 RAN 24.828 24.835 39g68 3g9oa - 16 

37 SHOR 26.302 26.302 42329 42336 + 7 fn SHOR 15.462 15.463 24883 24944 +61. 
RAN 15.045 15.055 24229 2426-i + 35 RAN 25.896 25.902 41~ 41656 -29 

42 SHOR 25.232 25.232 40607 40609 + 2 92 SHOR 14.385 14.386 23152 
RAN 16.127 16.137 25970 25991 +21 :RAN 26.970 26.976 43414 

47 SHQR 24..149 24.l<l9 38864 38865 + 1 97 SHOR 13.320 13.321 21438 
RAN 17.20'1 17.217 27708 27735 + 27 RAN 28.038 28.044. 45133 

52 SHOR 23.054 23.054 37102 37098 - 4 98 SHOR 13.695 13,696 22042 
RAN 18.297 18.306 29461 29502 +4:1 RAN 27.666 27.672 44534 

~ 
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TABLE II (Conc~uded) 

POOITIOU SHORAN DISTANCES SCArED DIFFERENCE POOITION ffi:ORAN DISTAN<m3 SCALED DIFli1mENCE 
and Statute Miles Meters Meters SHOR RAN and Statute Miles Meters Me18rs SHOR RAN 
S'r.ATION READ COR'D ( 4) (5) (5-4) STATION READ COR'D ( 4) (5} (5-4) 

103 SHOR 14.933 14.933 24032 152 SHOR 27.1.25 27.122 43&49 43656 + 7 
RAN 26.421 26.427 42530 RAN 14.235 14.243 22922 22944 +22 

108 SHOR. 16.167 16.167 26018 25976 -42 157 SHOR 28.320 28.317 45572 45624 t52 
RAN 25.190 25.196 40549 40624 + 75 RAN 13.033 13.041 20988 20976 -12 

113 SHOR 17.387 17.:386 27980 29991 +ll 162 SHOR 29.510 29.506 47485 47519 +34 
RAN 23.9'?0 23.973 :38581 38509 +28 RAN ll.850 ll.858 19084 19081. - 3 

11.8 SH:OR 18.515 18.614 29956 29950 - 6 167 SHOR 30.702 30.698 49404 49407 - 4 
RAN 22.743 22.749 366ll 36650 + 39 RAN 10.658 10.666 17165 17209 +44 

123 SHOR 19.813 19.811 31882 31.917 +35 172 SHOR 31.920 31.916 51364 51334 - 30 
RAl\f 21.545 21.~52 34685 34683 - 2 RAN 09.435 09 443 15197 15266 + 69 

126 SHOR 21.018 21.015 33820 33844 + 22 17'1 SHOR 33.123 33.119 53300 53669 (+369) 
RAN 20.340 20.346 32744 32756 + 14 RAN 08.234 08.243 13266 12931 ( -335) 

132 SHOR 22.228 22.225 35768 3580: + 35 182 SHOR 34.304 34.300 55201 55188 - 13 
RAN 19.126 19.132 20790 3079'1 + 7 RAN 07.051 07.061 ll363 114.12 + 39 

137 SHOR 23.455 23.452 '9'/742 37707 -35 185 SHOR 34.986 34.982 56298 56332 +34 
RAN .17.908 17.916 28833 28893 + 60 RAN 06.368 06.378 10264- 102f\8 + 4 

142 SHOR 24.661 24.658 39683 39714 + 31 MEAN DIFFERENCES IN METERS + 3.6 
RAN 16.695 16.702 26879 26886 + 7 + 28.3 

143 SHOR 25.896 25.893 41571 41673 - 2 MEAN DI FFEREIDES IN 
RAN 15.460 15.467 24892 24927 +35 STA'.ruTE MILES • • • • • • • • • • + 0.002 

+ 0.018 



TABLE III COMPUTATION OF STATION CORRECTION FACTORS 
LINE A 1 CCTOBER 1945 

POSITION SHORAN DIST.ANCES SCAI.Ji."'D DIFFERENCE POSITION SHORAN DISTANCES SCALED DIFFERENCE 
and Statute Miles Meters Meters SHOR RAN and Statute Miles Meters Meters SHOR RAN 
STATION READ COR'D ( 4) (5) (5 - 4) SI'.ATION READ CORtD {4) {5) {5 - 4} 

1 SHOR 40.754 40.752 65584 65502 - 82 33 SHOR 33.047 33.044 53179 53099 - 80 
RAN 05.525 05.532. 8903 8933 + 30 RAN 19.357 19.362 31160 31228 + 68 

6 SHOR 41.715 41.713 67131 6'7005 (-126) 36 SHOR 31..114 3l.lll 50068 50036 -32 
RAN 08.852 08.859 14257 14267 (+ 10} RAN 20.540 20.545 33064 33043 - 21 

9 SHOR 42.427 42.425 68277 68165 (-112) 39 SHOR 29.172 29.168 45942 46973 + 31 
RAN 10.898 10.904 17548 17562 ( + 14) RAN 2.1.851 21.865 35188 35154 - 34 

1.2 SHOR 42 SHOR ~.194 27.190 43758 4:3718 -40 
RAN 12.928 12.934 20815 20844 . + 29 RAN 23.248 23.252 37420 37418 + 2 

15 SHOR 42.962 42.959 69136 q9124 (- 12) 45 SHOR 25.~2 25.228 40601 40656 + 55 
RAN 14.985 14.991 24126 23831 (+195) RAN*** 

18 SHOR 43.252 43.249 59603 69476 ( +127) 48 SHOR 23.363 23.359 '9/593 37705 ( +ll2} 
RAN 16.588 16.594 26706 26581 ( -125) 

51 SHOR 21.545 2.1.541 34667 34697 +30 
21 SHOR 41.175 41.172 66260 66206 - 54 

RAN 15.607 16.613 26735 26723 - 13 M SHOR 21.839 2.1.835 35140 35146 + 6 

22 SHOR 39.096 39.093 •62914 92919 + 5 55 SHOR 2.2.059 22.055 35494 35506 :+ 12 
RAN 16.957 16.962 27298 27269 - 29 

56 SHOR 22.324 22.320 35721 3592.2 + 2 
27 SHOR 37.045 3'7 .042 59613 59600 -13 

RAN 17.618 17.623 28362 28365 + 3 57 SHOR 22.599 22.595 36363 36385 + 25 

30 SHOR 35.020 35.017 56355 56213 ( -132) 58 SHOR 22.896 22.892 36841 36865 +24 
RAN 18.416 18.421 29646 29869 ( +223} 

~ 
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T.ABLI III ( C oncl.uded) 

POSITION SHORAN DISTANCES SCALED D IF.I!"mENCE POSITION SHORAN DISTANCES SCALED DIFFERENCE 
and Statute Miles Meters Me18 t'S SHOR RAN and Statute Miles Meters Meters SHOR RAN 
Sl'A.'r!ON READ COR'D (4) (5} (5 - 4) STATI<E READ . COR'D (4) (5) (5 - 4) 

p9 SHOR 23.206 23.202 37340 37377 + 37 71 SHOR 28.480 28.475 45826 45830 + 4 

60 SHOR 23.532 23.528 ' 37865 37913 +48 72 SHOR 28.962 28.957 46602 46537 + 35 

6l. SHOR 23.880 23.876 38425 38441 + 16 

62 SHOR 24.232 24.227 38990 39017 + 27 MEAN DIFFERENCES IN METERS • 10.Z 
+ 3.4 

63 SHOR 24.601 24.596 39584 39585 + 1 

64 SHOR 24.983 24.978 40198 40226 + 28 MEAN DIFFERENCES IN 
srATUTE MILES • • • • • •• +0.006 

65 SHOR 25.384 25.379 40844 40888 +44 +0.002 

66 SHOR 25.786 25.781 41491 41"520 +29 
*** Only Major Casualty occured this day. The receiver 

67 SHOR 26.188 26.183 42138 42184 +46 unit in the MONITOR at Station RAN burned out due to a 
shorted capacitor in one ot the I.F. coupling transformers. 

68 SHOR 26.615 26.610 42825 42856 + 31 

69 SHOR 27.005 27.050 43533 43575 +42 

70 SHOR 27.525 27.520 44289 44311 + 22 



00 
00 

POSITION SHORAN DISTANCES 
and Statute miles Meters 
STATION READ COR'D (4) 

1 SHOR 40.292 40.292 6484.4 
RAN 04.694 04.704 7570 

5 SHOR 40.904 40.904 65829 
RAN 07.382 07.392 11895 

~ SHOR 41.716 41.716 57136 
RAN 09.633 09.642 15517 

9 SHOR 41.480 41.480 65755 
RAN 09.794 09.8m3 15776. 

ll SHOR 40.544 40.544 65249 
RAN 10.095 · 10.104 16261 

14 SHQR 41.386 41.385 56606 
RAN 12.151 12.159 19568 

1?" SHOR 42.235 4.2..235 57970 
RAN 14.214 14.221 22887 

22 SHOR 40.105 40.104 64541 
RAN 15.430 15.434 24839 

25 SHOR 38.062 38.061 61253 
RAN 15.918 15.921 25622 

28 SHOR 35.985 35.984 57911 
:iAN 15.742 16.743 26940 

TABLE IV COMPUTATION OF STATION CORRECTION FACTOR 
LineB 2 October 1940 

SCAlED DIFFERENCE POSITION SHORAN DISTANCES SCALED DIFFERENCE 
Meters SHOR RAN AND Statute· Miles Meters Met ere SHOR RAN 

(5} (5 - 4) STATION READ GOR'D (4) {5) {5 - 4) 

64776 - 68 31 SHOR 33.908 33.906 54567 54064 (-507) 
7584 + 14 RAN 17.808 17.808 28559 28928 (+269) 

65792 - 37 37 SHOR 29.815 29.813 47980 47976 - 4 
11984 + 88 RAN 20.259 20.258 32602 32608 + 6 

67088 -48 40 SHOR 27.796 27.794 44730 44760 + 30 
15576 + 59 RAN 21.595 21.595 34754 34736 - 18 

66758 +12 43 SHOR 25.790 25.788 41502 41512 + 10 
15752 - 24 RAN 23.088 23.088 37157 37168 +ll 

65112 (-137)* 46 SHOR 23.845 23.844 38373 38360 - 13 
15248 *(- 13) RAN 24.728 24.728 39796 39792 - 4 

66.504 (-102) 49 SHOR 21.916 2i1.915 35269 35304 + 35 
19584 ( + 15) R.4.N 25.445 26.445 42559 42520 - 39 

57952 - 18 52 SHOR 20.055 20.054 32258 32296 + 38 
22904 + 17 RAN 28.224 28.225 45424 45416 - 8 

64544. + 3 55 SHOR 18.240 18.239 29353 29384 + 31 
24816 - 23 RAN 30.052 30.053 48366 48312 - 54 

61272 + 19 58 SHOR 15.484 16.483 26527 26544 + 1'7 
25508 - 14 RAN 31.912 31.913 51359 51296 - 63 

57880 - 31 51 SHOR 14.824 14.822 23854 23904 + 50 
26.904 - 41 RAN 33.773 33.774 54354 54336 - 18 
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POSITION 
and 
STATION 

64 SHOR 
RAN 

67 SHOR 
RAN 

70 SHOR 
RAN 

73 SHOR 
RAN 

75 SHOR 
RAN 

78 SHOR 
RAN 

81 SHOR 
ru.N 

84 SHOR 
RAN 

87 SB:OR 
RAN 

90 SHOR 
RAN 

SHORAN DISTANCES 
Statute Miles :Meters 
READ COR'D ( 4) 

13.330 13.328 21449 
35.648 35.649 57372 

12.041 12.038 19373 
37.582 37.582 60483 

11.102 11.099 17862 
39.544 39.544 63640 

10.243 10.240 16480 
41.499 41.499 66786 

08.899 08.896 14317 

09.477 09.474 15247 
39.737 39.738 63952 

10.582 10.579 17025 
37,807 37.807 60845 

11..934 11.931 19201 
35.908 35.910 57792 

13.437 13.434 21620 
34.015 34.017 54745 

15.095 15.092 24288 
32.102 32.105 51658 

TABLE 

SCALED 
Meters 

(5) 

21504 
57384 

19480 
60464 

174'12 
63864 

16584 
a6976 

13896 

15112 
64088 

1'7112 
60800 

19272 
57720 

21672 
54760 

24336 
51720 

IV (Continued) 

DIFFERENCE POSITION 
SHOR RAN and 

(5 - 4) Sl'ATION 

+ 55 93 SHOR 
+ 12 RAN 

(+107) 96 SHOR 
{- 9) RAN 

(+390) 100 SHOR 
( +224) RAN 

(+104) 103 SHOR 
(+190) RAN 

{-421) 106 SHOR 
RAN 

(-135) 109 SHOR 
{+136) RAN 

+ 87 ll3 SHOR 
-46 RAN 

+ 71 ll7 SHOR 
- 72 RAN 

+50 123 SHOR 
+ 15 RAN 

+48 l26SHOR 
+ 52 RAN 

SHORAN DllrSTANCES SCALED DIFFERENCE 
Statute Miles Meters Meters SHOR RAN 
READ . COR'D { 4) (5) {5 - 4) 

16.837 16.834 27092 27168 + 76 
30.263 30.267 48710 48712 + 2 

18.637 18.634 29989 30072 + 83 
28.478 28.482 45838 458~ - 6 

21.096 21.093 33946 34064 ( +118) 
26.137 26.142 42072 42072 0 

23.000 22.997 37010 36992 +18 
24.40fi 24.411 39286 39352 + 66 

24.907 24.904 40079 40136 + 57 
22.768 22.774 36651 36648 - 3 

26.887 26.884 43266 43288 + 22 
21.149 21.156 34047 34032 - 15 

29.886 29.883 48092 48128 + 36 
19.018 19.025 30618 30600 - 18 

32.541 32.538 52365 52376 +11 
17.252 17.259 27776 27808 t-32 

36.384 36.381 58550 58592 +42 
15.321 15.328 24668 24744 + 76 

38.360 38.356 61728 61688 -40 
14.629 14. 636 23554 23640 + 86 
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POSITION 
and 
S'U.TION 

129 SHOR 
RAN 

132 SHOR 
RAN 

135 SHOR 
RAN 

137 SHOR 
RAN 

139 SHOR 
RAN 

140 SHOR 
RAN 

142 SHOR 
RAN 

1'" SHOR 
RAN 

1~5 SHOR 
RAN 

148 SHOR 
RAN 

SHORAN DISTANCES 
Statute Miles Meters 
READ COR'D { 4) 

40.427 40.423 65055 
14.274 14.281 22983 

42.465 42.461 48334 
14.164 14.170 22804 

44.520 44.516 71642 
14.396 14.402 23178 

45.924 45.920 73901 
14.759 14.755 23752 

47.335 47.331 76172 
15.177 15.183 24435 

47.180 47.176 75923 
14.923 14.929 24026 

45.740 45.737 73607 
14.484 14.489 23318 

44.096 44.093 70961 
14.150 14.155 22780 

13.806 13.811 22227 

11.678 11.683 18802 

TABLE IV 

SCAlED DIFFERENCE 
Meters SFIOR RAN 

(5) (5 - 4) 

f551l2 .. 57 
22992 + 9 

68288 - 46 
22856 + 52 

71608 - 34 
23200 + 22 

73976 + 76 
23784 + 22 

76224 + 52 
24472 + 37 

75888 - 35 
24040 + 14 

73672 + 65 
23360 + 42 

70968 + 7 
22776 - 4 

22264 + 37 

18816 + 14 

(Continued) 

POSITION SHORAN DISTANCES SCALED DIFFERENCE 
and Statute Miles Meters Meters SHOR RAN 
STATION READ COR'D { 4) ( 5) (5 - 4) 

151 SHOR 
RAN 09.678 09.682 15582 15696 (+114) 

154 SHOR 40.360 40.357 64949 64904 - 55 
RAN 07.996 0'!.999 12873 12856 - 17 

MEAN DIFFERENCE IN METERS •••••• . + 17 - 1.4 
MEAN DIFFERENCE rn 

S'rATUTE MILES ••••••• +0.011 
-0.001 

' , 

/ 
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TABLE v CCMPUTATION OF STATION CORRECTION FACTORS 
"< ' LineC 3 October 1945 

POSITION SHORAN DISTANCES SCALED DIFFERENCE POSITION Si:ORAN DISTANCES SCALED DIFFERENCE 
and Statute Miles Meters Meters SHOR RAN and Statute Miles Meters Meters SHOR RAN 
STATION READ COR'D ( 4) ( 5) (5 - 4) STATION READ COR'D ( 4) (5) (5 - 4) 

1 SHOR 41.123 41.124 66183 66184 + 1 35 SHOR 35.625 35.619 57323 57 432 ( -109) 
RAN 05.322 05.322 8565 8600 + 35 RAN 17.637 17.637 28384 28352 (- 32} 

4 SHOR 41.709 41.708 67123 67128 + 5 38 SHOR 37.632 37.626 60553 60552 - 1 
R.Ul 07.435 07.435 ll966 12000 + M . BAN 16.775 16.775 26997 27016 + 19 

8 SHOR 42.427 42.425 68277 68184 - 93 41 SHOR 39.747 39.742 63959 64000 + 41 
RAN 09.945 09.947 16008 16024 + 15 RAN 16.254 16.254 26158 261?6 + 18 

11 SHOR 40.932 40.929 65·869 65920 + 51 44 SHOR 41.914 41.909 67446 67456 + 10 
RAN 10.074 10.076 16216 16232 + 16 RAN 16.06.7 16.067 25857 25832 -25 

14 SHOR 41.427 41.423 66664 66656 (- 10) 47 SHOR 42.000 41.995 67585 67560 - 25 
RAN 11.781 11.782 18961 19080 ( tll9) RAN 15.845 15.846 25502 25488 - 14 

17 SHOR 42.321 42.317 68103 68192 + 89 50 SHOR 39.933 39.930 64293 64312 + 19 
RAN 13.842 13.843 22278 22264 - 14 RAN 16.004 16.005 25758 25?52 - 6 

23 SHOR 41.810 41,;805 67279 66232 - 47 53 SHOR 37.918 37.913 61015 61016 + 1 
RAN 16.365 16.365 26337 26360 + 23 RAN 16.502 16.503 26"559 26568 + 9 

26 SHOR 39.762 39.756 63981 83952 - 29 56 SHOR 35.827 35".822 57650 57632 - 18 
RAN 16.566 16.565 26659 2667'2 + 13 RAN 17.263 17.264 27784 27776 - 8 

29 SHOR 37.700 37.694 60663 60672 + 9 59 SHOR 35.611 35.606 57303 57328 + 25 
RAN 17.043 17.042 27427 27432 + 5 RAN 17.122 17.123 27"057 27520 - 37 

32 SHOR 35.630 35.624 57331 5?984 (+453) 62 SHOR 37.641 37.635 60568 60608 +40 
RAN 17.847 17.846 28720 28568 (-162) RAN 16.318 16.319 26263 26272 + 9 



(0 
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POSITION 
end 
STATION 

65 SHOR 
RAN 

68 SHOR 
RAN 

71 SHOR 
RAN 

74 SHOR 
RAN 

77 SHOR 
RAN 

81 SHOR 
RAN 

83 SHOR 
:RAN 

86 SHOR 

89 SHOR 
Ran 

92 SHOR 
RAN 

SHORAN DISTANCES 
Statute Miles Meters 
READ COR'D. (4) 

39.762 39.756 63981 
15.790 15.791 25413 

41.927 41.921 67466 
15.586 15.587 25085 

41.868 41.862 67371 
14.963 14.964 24082 

39.836 39.831 64102 
15.255 15.256 24552 

37.780 37.775 60793 
15.750 15.751 25349 

35.828 35.824 57010 
16.727 16.728 26921 

~.5!59 34.535 55579 
16.896 16.897 27193 

36.416 36.412 58600 
16.004 16.005 25758 

38.496 38.493 61949 
15.297 15.298 24620 

40.641 40.6.38 65401 
14.867 14.868 23928 

TABLE v 

SCALED DIFFERENCE 
Meters SHOR RAN 

(5) (5 -4) 

64024 +43 
25392 - 21 

67432 - 34 
25032 - 53 

67320 - 51 
24056 - 25 

64056 (- 46) 
24656 (+104) 

60704 - 89 
25392 +43 

56984 - 26 
26992 + '11 

55452 (-127) 
27272 (+ 78) 

58656 + 56 
25816 +58 

91904 - 45 
24704 + 84 

65360 - 41 
23960 + 32 

(Continued) 

POSITION SHORAN DISTANCES SCALED DIFFERENCE 
end Statute Miles Meters Met era SHOR RAN 
STATION READ COR'D (4) (5) (5- 4} 

95 SHOR 42.430 42.427 68280 68288 + 8 
RAN 14.734 14.735 23714 23776 + 62 

98 SHOR 41.224 41.221 66339 66312 - 27 
RAN 14.534 14.537 23395 23472 + 77 

101 SHOR 39.124 39.122 62961 62904 - 57 
RAN 14.898 14.902 23982 24024 +42 

104 SHOR 37.015 37.013 59567 59568 + 1 
RAN 15.570 15.574 25064 25144 +00 

107 SHOR 34.855 34.853 56091 56056 -35 
RAN 1~.506 16.511 265'12 26664 + 92 

110 SHOR 34.816 34.814 5'6028 56016 - 12 
RAN 16.277 16.283 26205 262.40 +35 

11.3 SHOR 36.862 36.861 59322 59304 - 18 
RAN 15.375 15.382 24755 24768 + 13 

116 SHOR 38.965 38.964 62707 62696 -11 
RAN 14.694 14.700 23657 23696 + 39 

119 SHOR 41.118 41.117 66172 66144 - 28 
RAN 14.382 14.390 23159 23176 + 16 

122SHOR 42.003 42.001 67594 67600 + 6 
RAN 13.916 13.-923 22407 22440 t 33 
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TABLE v (Concluded) 

POSITION SHORAN DISTANCES SCALED DIEFERENCE POSITION SHORA.J.'l' D !STANCES SCAlED DIFFERENCE 
and Statute Miles Meters Meters SHOR RAN and Statute Miles Meters Meters SHOR RAN 
STATION READ COR'D (4) (5) (5 - 4) STATION READ COR'D (4) (5} (5 - 4) 

125 SHOR 40.120 40.118 64564 64536 - 28 155 SROR 35.466 35.462 57071 57088 + 17 
RAN 14.054 14.060 22627 22688 + 61 RAN 14.980 14.984 24115 24l76 + 61 

128 SHOR 37.978 37.975 61115 61072 - 43 I 158 SHOR 54.217 34.214 55062 55080 + 18 
RAN 14.524 14.530 23384 23448 + 64 RAN 15.370 15.375 24744 24784 +40 

131 SHOR 35.809 35.808 57628 57600 - 28 161 SHOR 36.012 36.009 57951 57944 - 7 
RAN 15.314 15.319 24654 24736 + 82 RAN 14.523 14.528 23381 23376 - 5 

134 SHOR 34.307 34.303 55206 55216 + 10 164 SHOR 38.059 38.057 61247 61272 + 25 
RAN 15.823 15.827 25471 25480 + 9 RAN 13.770 13.776 22170 22120 - 50 

137 SHOR 36.094 36.089 58080 58088 + 8 167 SHOR 40.168 40.166 64641 64624 - 17 
RAN 14.941 14o944 24050 24144 + 94 RAN 13.354 13.360 21501 21480 - 21 

140 SHOR 38.178 38.172 61432 61480 + 48 170 SHOR 41.783 41.782 67242 67176 - 66 
RAN 14.193 14.195 22835 22856 + 21 RAN 13.167 l3.174 21202 21160 - 42 

143 SHOR 40.308 40.302 64860 64888 + 28 173 SHOR 41.878 41.877 67395 67216 (-179) 
RAN 13.792 13.794 22199 22224 + 25 RAN 11.345 U.352 18369 18368 (- 99) 

146 SHOR 41 .. 765 41.760 67206 67575 (+370) 
RAN 13.455 13.458 21659 21640 (- 19) 

149 SHOR MEAN DIFFERENCES IN METERS . . . . . . -. ~ 8 
RAN 13 .636 13.639 21950 21992 + 42 .. 24 

152 SHOR 37.665 37.661 60610 60608 - 2 MEAN DIFFERENCES IN 
RAN 14.136 14.140 22756 22824 + 6.8 STATUTE MILES ••••• • •• -0.005 

+0.017 
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POSITION 
AND TThm 

1 30* 
2 0831 
3 30* 
4 0832 
5 30* 
6 0833 
7 30* 
8 0834 
9 30 

10 0835 
11. 30 
12 0836 
13 30 
14 0837 
15 30 
16 0838 
17 30 
18 0839 
19 30 
20 0840 
21 30 
22 0841 
23 30 
24 0842 
25 30 
26 0843 
27 30 
28 0844 

TABLE VI COMPurATION OF SHORAN CORRECTION FACTORS 
Line (e) 5 October 1945 (EE) 

DISTANCE STA~E MILES POSITION DISTANCE STATUTE MILES POSTIION 
SHOR RAN SUM AND TIME SHOR RAN SUM AND TIME 

35.321 06.033 41.357 29 30 32.076 09.284 41.360 58 30 
35.2ll 06.143 41.354 30 0845 31.996 09.393 41.358 59 0900 
35.081 06.272 41.353 31 30 31.859 09.507 41.366 60 30 
34.972 06.381 41.353 32 0846 31.742 09.624 41.366 6l 0901 
34.863 06.500 41.363 33 30 31.625 09.743 41.368 62 30 
34.752 06.608 41.360 35 0847 31.513 09.855 41.368 63 0902 
34.629 06.736 41.365 36 30 31.273" 10.084 41.35'l 64 30 
34.501 06.858 41.359 37 0848 31.160 10.203 41.363 65 0903 
34.400 06.959 41.359 38 30 31.045 10.318 41.363 66 30 
34.285 07.071 41.356 39 0849 30.934 10.433 41.367 67 0904 
34.166 07.194 4:1..360 40 30 30.824 10.541 41.365 68 30 
34.052 07.307 41.359 4l 0851 W.591 10.779 41.370 69 0905 
33.938 07.422 41.360 42 30 30.467 10.896 41.363 70 30 
33.826 07.537 41.363 43 0852 30.349 ll..Ol4 41.363 71 0906 
33.709 07.656 41.365 44 30 30.226 11.135 41..361 72 30 
33.584 07.777 41.361 45 0853 30.105 11.258 41.363 73 0907 
33.467 07.898 41.365 46 30 29.9-90 11.373 41.363 74 30 
33.354 08.009 41.363 47 0854 29.879 11.488 41.367 75 0908 
33.236 08.128 41.363 48 30 29.766 11.613 41.379 76 30 
33.120 08.244 41.364 49 0855 29.631 11.738 41-.359 77 0909 
32.974 08.389 41.363 50 30 29.519 11.846 41..365 78 30 
32.899 08.476 41.365 51. 0856 29.395 11.966 41.361 79 0910 
32.774 08.591 41.365 52 30 29.270 12.Q95 41.365 80 30 
32.657 08.709 41.366 53 0857 29.157 12.203 41.360 81 0911 
32.545 08.821 41.366 54 30 29.042 12.321 41.363 82 30 
32.424 08.935 41.359 55 0858 28.929 12.435 41.364 83 0913 
32.316 09.046 41.362 56 30 28.804 12.559 41.363 84 30 
32.195 09.161 41.356 517 0859 28.693 12.670 41.363 85 0913 

DISTANCE STATUTE MILES 
SHOR BAN SUM 

28.573 12.797 41.360 
28.456 12.904 41.360 
28.345 13.014 41..359 
28.229 13.134 41.363 
28.1ll 13.253 41.364 
27 . 994 13.3"67 41.363 
27.887 13.480 41.367 
27.772 13.597 41.369 
27.594 1.3.718 41.367 
27.533 13.837 41.370 
27.503 13. 961 41..364 
27.299 14.062 41.361 
27.179 14.185 41.364 
27.059 14.305 41.364 
26.939 14.423 41.362 
26.832 14.534 41.366 
26.7l3 l4.649 4l.362. 
26.590 14.773 41.363 
26.476 14.885 41.361 
26.352 15.003 41.356 
26.242 15.115 41.357 
26.124 15.235 41.359 
26.004 15.355 41.359 
25.888 1~.473 41.361 
25.773 15.590 41.363 
25.640 15.722 41.362 
25.532 U5.834 41.366 
25.414 15.948 41.352 
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TABLE Vl (concluded) 

POSITION DISTANCE STATUTE MILES POSITION DISTANCE STA.TUTE MILES 
AND TIME SHOR RAN sw AND TIME SHOR RAN SUM 

86. 30 25.2.94 16.062 41.355 ll4 30 21.934 19.428 41.362 MEAN OF 122 OBSERVATIONS ••••• 
$7 0914 25.173 16.191 41.364 ll.f) 0928 21.823 19.546 41.359 
88 30 25.054 16.305 41.359 115 30 21.698 19.666 41.354 IN srATUTE MILES • • • 4l..363 
·89 091!5 2~.940 16.424 41.364 117 0929 21.570 19.996. 41.366 
90 30 24.825 15.539 41.364 118 30 
91 0915 24.703 15 .. 551 41.364 119 0930 21.321 20.042 41.364 
92 30 24.572 15.796 41.368 120 30 21.203 20.16.1 41.304 .MEAN OF THE VALUE FROM TABLE L 
93 0917 24.453 l6.9ll 41.364 121 0931 21.093 20.269 41.352 AND THE VALUE FRCM TABLE VI • • 
94 30 24.338 16.023 41.361 122 30 20.968 20.396 41.364 
95 0918 24.220 17.142 41.362 123 0932 20.846 20.522 41.368 IN srAT'OTE MILES . . . 41.304 
95 30 24.095 17.252 41.357 
97 0919 2.3.973 17.190 41.3~ 
98 30 23.856 17.515 41.371 
99 0920 23.745 17.628 41.3'73 * Fixes were taken at 30-second 

100 30 23.825 17.746 41.371 intervals. The {*) indicates that 
101 0921 23.502 17.863 41.365 this 30-second time belongs to the 
102 30 23.384 17.979 41.363 preceeding minute indicated. 
103 0922 23.258 1S.006 41.364 
104 30 23.139 18.228 41.367 
105 0923 23.012 18.352 41.364 Due to heavy fog setting in at about 
106 30 22.896 18.472 41.368 the centar or the base linet it was 
107 0924 22.779 18.588 41.367 necessary to break off this run as 
lOH 30 22.556 18.713 41.369 no visual oo ntrol was available. The. 
109 0925 22.523 18.845 41.368 line turned on the BISECTOR of the . 
llO 30 22.405 18.960 41.365 base line, and regular Hydrographic 
ill 0926 '22.282 19.081 41.363 Survey was oontinued from this point. 
112 30 22.174 19.189 41.363 
113 0927 22.050 19.312 41.362 . 



T.ABLE W- WEATHER CONDITIONS ' DURING PERIOD OF OPERATIONS 

~ ~ ~ ~ I ~ H 

I 
H 

~ 
8 

~ 
8 

~ 0 

~~ i 
0 ~1'=1 ~ ~ ~~ ~ ~ @~ ~~ ~ 

8 !3=0 ~~ 8 ~~ as 

~ 
0600* calm 50 30.15 0 0600* n 3 45 29.47 c 
0700* calm 50 30.15 c 0700* n 3 46 29.50 c 

~ 0800 w 1 51 30.14 c ~ 0800 n 2 48 29.52 c 

~ 0900 calm 50 30.12 c ~ 0900 n 2 48 29.53 be 

i 1000 var 0-1 48 30.13 0 1000 nne 2 50 29.55 be 
1100 sw 2 49 30.11 0 fi1 llOO nne 2 55 29.55 be 

P. 1200* s 1 51 30.09 0 .a 1200 nne 2 54 29.55 be 0 
Q) 1300* var 0-1 50 30.07 c +" 1300 wnw 3 54 29.53 or (I) t> 

1400* var 0-1 50 30.04 0 0 1400 calm 47 29.53 or 
en 1500* var 0-1 49 30.03 0 ....-I 1500* var 1 46 29.53 0 C\l 

1600* var 0-1 49 30.02 0 1600* calm 46 29.54 0 

1700* var 1 51 29.99 c 1700* calm 46 29.54 0 

1800* calm 50 29.97 c 1800* calm 45 29.55 0 

0600* ese 3 46 29.63 0 0600* calm 43 29.73 0 

~ 0700* .e 5 46 29.62 0 0700* sw 1 42 29.74 cr 
en 0000 e 5 46 29.60 0 0800 sw 1 44 29.75 c ....-I ~ 
~ 0900 e 6 47 29.54 0 Ol 0900 sw 1 45 29.77 c 
Q) 1000 e 7 47 29.51 0 ....-I 1000 nw 1 45 29.77 c 
~ 1100 e 7 48 29.50 0 ~ uoo nw 3 46 29.78 c Q) Q) 

~ 1200 ne 7 48 29.46 0 .a 1200 nw 5 50 29.78 0 0 
Q) 1300 e 5 48 29.43 om +" ;1300 nw 6-7 45 29.78 crq (I) t> 

1400 ene 5 48 29.41 0 0 1400 nw 5 43 29.00 crq 
0 
t<) 1500 ene 6 47 29.39 0 C\l 1500 n 3 43 29.83 crq 

1500 ene 7 47 29.38 0 1600 nw . 4 47 29.83 e 
1700 ne 6-7 47 29.38 0 1700* nw 2 46 29.84 c 
1800* ne 5-'7 48 29.38 oq 1800* nw 1 45 29.86 c 

~ 
CJ') 
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TABLE W- Weather (Concluded) 

a 

I ~ s I p:; 

H 

I 
H ~ 

! ~~ ~ ~ 
8 

~ 
~ @~ 

r£1 

i ~~ ~ ~ ~~ ~ ;;:::~ Ill 8 ~0 iS: IX! 

0600 calm 44 29.91 c 0600 calm 4? 29.32 or 
0700 nnw 2 45 29.91 cp 0'100 sw 0-l 4? 29.31 od 
0800 nnw 2 45 29.91 cp lO 0800 calm 48 29.31 om 

~ '<II 
()) 0900 nnw 2 46 29.91 be ~ 0900 sw 2-3 48 29.31 om 
..--1 1000 2 46 29.92 be 1000 5 4? 29.2? n sw om 

1100 n 3 48 29 .. 92 b-e 1-t 1100 sw 4-5 47 29.31 om ~ Q) 

$ 1200 n 2 47 29.92 be .g 1200 sw 6 4? 29 .. 29 0 
0 1300 n 2 48 29.90 ba -+> 1.300 w ? 47 29.25 0 ~ 0 
0 1400 2 48 29.90 be 0 1400 w ? 4? 29.24 0 n 0 

1500 n 2 4? 29.89 be !C. 1500 w '7 4? 29.22 0 
t') 

1600 n 2 4? 29.8? be 1600 w 6 47 29.24 om 
1700* ne 1 45 29.86 e 1?00* s 1 47 29.23 om 
1800* calm 44 29.86 c 1800* calm 46 29.24 c 

0600 sse 5 45 29.58 cr * Ship protected by anchorage in 
0700 sse 5 45 29.56 oc harbor. 
0000 sse 5 45 29.53 or 

~ 0900 sse 6 46 29.48 or 
()) 
..--1 1000 sse 5 46 29.45 or 

1100 se 6 46 29.41 or 
~ 1200 se 6 4? 29.41 or Q) 

.g 1300 sa 6-7 47 29.35 or 
-+> 1400 w.s 6 49 29.34 em () 

0 1500 w .. s 5 50 29.34 em 
..,. 1600 w.s 4 50 29.34 em 

1?00* w 3 48 29.34 c 
1800* SW 2 48 29.35 c 


